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(57) Abstract: Microbiological control in aqueous media and/or eradication or reduction of biofilm on a surface in contact with 
such media is achieved by introducing into the aqueous medium a microbiocidally effective quantity of one or more 1,3-dibromo- 
5,5-dialyklhydantoins (DBDAH) where one of the alkyls is methyl and the other is a Cl^alkyl, wherein (i) the molar quantity of 
DBDAH introduced is less than the molar quantity of NjN^bromochloro-S^-dimethylhydantoin (BCDMH) that would be required 

S to effect the same degree of microbiological control in that medium, (ii) the molar quantity of the DBDAH introduced releases an 
amount of "free chlorine" that is greater than the amount of "free chlorine" that would be released in that medium by an equimolar 

Q quantity of BCDMH, and (iii) the amount of "free chlorine" released by the quantity of the DBDAH introduced is greater than the 
amount of "free chlorine" that could be predicted to be released by that quantity of DBDAH on the basis of the amount of "free 

^ chlorine" that would be released in that medium by an equimolar quantity of BCDMH. 
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mrpmn „T nmr AT. rONTROL IN AOTTEOTTS SYSTEMS 
BACKGROUND 

As is known in the art of water treatment fox microbiological control, a deficiency of 
chlorine, of hypochlorites, and of certain halogenated organic water-treating agents is the 
formation, during usage, of undesirable disinfection by-products. These by-products are 
undeskablebnthfiomthestandpointofenvironmental concerns and also from the standpomt of 

toxicological considerations. 

Certain 1 3-dmdo-5,5-dialkymydantoins have been found to be effective 

aqueous systems such as industrial cooling water, recreational water, and wastewater. 

' Persons using biocidal agents in the biocidal treatment of water customarily, if not 
universally, refer to "free chlorine" level as a measure of biocidal control. To achieve ''free 
chlorine" levels in water treatment, solid materials are often preferred because of then high 
weight percent activity. N,N-bromOchloro-5,5-dime1hylhydantion (BCDMH) has been one of 
the most widely-used solid sources of "free chlorine" for water neatment. One of the features 
empb^izedforBCDMHbys^^^ 

biocide regenerates "free cMorme" by reaction wimmactivebrormde species formed^ 
watertreatmentopemtion. Inotherwor^^^^ 

dialkymydantoinissaidtobeaprecursor for additional "fre.cmorme" for samtationpurpo^s. 

In use BCDMH hydrolyzes into HOBr and HOC1 both of which register as free 
chlorine" specks in commonly-used standard test procedures. These methods 
"ftee chlorine" levels in treated water, involve use of a reagent known as DPD (i.e N,N - 
dietiiyldiphenylenediarnine) and a buffer, and the results of such analyses are commonly used, 
if not universally used, as the basis for determining the quantity of a haloger.containing 

been concerned with the level of "free chlorine" provided by a given quantity of that biocidal 

material. What has not been realized by such consumers is the amount of "total chlorine being 

utilized inorder to achieve the requisite "free cUorme" level. As a consequence^ 

has not had available a yardstick by which to determine the true economic efficiency of using 

BOJMHasabiociMagentmthetreatmentofwater.ToacHeveo 

the consumer should have available for use a biocidal agent in which the amount of Jree 
chlorine" released into the water corresponds closely to the "total chlorine" content of the 
biocidal agent. 

V. r- r,r .1.1 : 5? * 

In the event a biocidal agent provides a relatively small amount of 'free chlorine in 
relation to its "total cMorine" content, it Has been deemed necessary to utilize a relatively large 
amount of suchagentmordertoa^ 
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of halogenated materials are released into the environment If on the other hand, a biocidal agent 
could provide to the water an amount of "free chlorine" that closely corresponds to the "total 
chlorine" content of the biocidal agent, effective microbiological control could be realized by use 
of much smaller dosages and with consequent minimal adverse impact upon the environment. 

Another serious problem in connection with water disinfection is biofilm development 
Biofilms are bacterial films which tenaciously adhere to surfaces in contact with water such as 
heat exchanger surfaces, conduit interiors, filters, and other processing equipment These films 
are very undesirable because they can harbor dangerous pathogens, and cause damage to the 
surfaces to which they have become attached. Moreover, the bacteria form a slime layer of extra- 
cellular polysaccharide which affords protection to the bacteria and in addition constitute an 
effective barrier againstpenetration ofbiocidal agents used in an attemptto combat such bacteria. 
In situations where the water is prone to development of calcium carbonate scale, the presence 
of such gelatinous extra-cellular polysaccharides can result in the formation of layers of scale 
bonded to the substrate surface by the gelatinous polysaccharides. Polysaccharide films and films 
of scale bonded by means of polysaccharides can greatly interfere with the operation of heat 
exchangers by virtue of their insulating characteristics, and can markedly interfere with -the 
functioning of filters and the flow of water through pipes and conduits by virtue of the clogging 
tendencies of such polysaccharide films. 

Thus a need exists for a biocidal agent which is highly effective in providing biocidal 
control, especially eradication, or at least minimization, of biofilms in water systems, and in 
addition, abiocidal agent whichhas the capability ofproviding such biocidal control even though 
used at very low concentrations in water. In addition, a need exists for a biocidal agent that can 
provide to the water an amount of "free chlorine" that closely corresponds to the "total chlorine" 
content of the biocidal agent, whereby effective microbiological control can be realized by use 
of smaller dosages and with consequent minimal adverse impact upon the environment. 

BRIEF SUMMARY OF THE INVENTION 

A first aspect of this invention involves, inter alia, the discovery that there is a substantial 
disparity between the "free chlorine" level and the "total chlorine" level delivered to the water 
when using BCDMH as a biocidal agent. Thus the consumer of BCDMK as a water treating 
agent unknowingly has been paying for a relatively ineffective microbiocidal agent Moreover, 
such consumer has been contributing unknowingly to the release of undesirable quantities of 
halogenated materials to the environment. 

This invention further involves, inter alia, the discovery that the level of "free chlorine" 
available from l,3-dibromo-5,5-dimethylhydantoin (DBDMH), especially when used in water 
having apH of at least about 8.0, closely approximates its "total chlorine" content Consequently 
the use of one or more water-soluble dialkyldibromohydantoins such as DBDMH as a water 
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treating agent, especially when used in the treatment of industrial cooling water, is highly 
effective from an economic standpoint and highly desirable from an environmental standpoint 
That is to say, the dosage levels of water-soluble dialkyldibromo-hydantoins such as DBDMH 
neededto provide effective microbiological control with respect to suchundesixableorgamsms 
5 and pathogens as bacteria, algae, and biofilms, are relatively low compared to dosage levels of 
~ BCDMH required for the same degree of control, especially in industrial coohng water. 
' Moreover, the levels of halogenated materials released to the environment are much smaUer 
whenusingawater-solublediaikylmbromohydantomsuchas 

The first aspect of this invention is described both in Claims 1-89 and m the further 
10 detailed description presented below. 

A second aspect of this invention, inter alia, provides two different categories of 

biocidally-acuvel,3^ 

formsandthatalsofulfiUtheneedsandprovidemeadvantagesrefer^^ 

The secondaspect of this invention is described both in Claims 90- 129 and mme further 
15 detailed description presented below. 

Other embodiments, features, and advantages of this invention will be still further 
apparent from the ensuing description and appended claims. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig 1 is a graphical representation of the result, of standard "free chlorine" and "total 
20 cMorme-testsperformedons 

all as described in detail in Example 1 hereinafter. 

Fig 2 is a graphical representation of the percent of hydrolysis experienced by the 
respective test samples of BCDMH and of DBDMH in the tests performed in Example 1. 

FURTHER DETAILED DESCRIPTION 

25 Firgt Aspect "f the Invention < , . 

TWventionprovidesboneofitsem^^ 

conttolmanaqueousmedium^ 

or wastewater, and preferably in water having a pH of at least about 8.0 such as coohng water 
and/or eradication or reduction of biofilm on a surface in contact with such aqueous medium, 
30 which method comprises introducing into the aqueous medium a nticrobioadally effective 
amountofatleastonel.3-^ 

5-positionisamethyl group ^^^m^^S^^^^^ 
1 to4 carbon atoms (DBDAH), (i) the molar quantity of the DBDAH introduced being less than 
the molar quantity of N^-bromocWom-S^dirnethylhydantoin (BCDMH) that would be 
35 required to effect the same degree of microbiological control in such medium, (u) the quantity 
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of DBDAH introduced into such aqueous medium releasing an amount of "free chlorine" that is 
greater than the amount of "free chlorine" that would be released in such medium by an 
equimolar quantity of BCDMH, and (iii) the amount of "free chlorine" released by the quantity 
of such at least one DBDAH introduced into such aqueous medium being greater than the amount 
of "free chlorine" that could be predicted to be released by that quantity of DBDAH on the basis 
of the amount of "free chlorine" that would be released in such medium by an equimolar quantity 
of BCDMH. The most preferred DBDAH used in this embodiment is l,3-dibromo-5,5- 
dimethylhydantoin (DBDMH). 

In another of its embodiments this invention provides a method of effecting microbiocidal 
activity in water preferably but not necessarily having a pH of at least about 8.0, which method 
comprises providing in such water using a l,3-dibromo-5,5-dialkylhydantoin (DBDAH) 
microbiocidal agent in which one of the alkyl groups of the DBDAH in the 5-position is a methyl 
group and the other alkyl group in the 5-position contains in the range of 1 to 4 carbon atoms, a 
microbiocidally effective amount of "free chlorine" that is greater than could be predicted from 
the amount of "free chlorine" that would be released by an equimolar quantity of N,N*- 
bromochloro-5 5 5-dimethyIhydantoin (BCDMH) in such water, while using a smaller molar 
quantity of the DBDAH than the molar quantity of BCDMH required to release such 
microbiocidally effective amount of "free chlorine." l,3-Dibromo-5 3 5-dimethylhydantoin 
(DBDMH) is also the most preferred microbiocidal agent employed in this embodiment. 

A further embodiment of this invention is a composition having microbiocidal activity, 
which composition comprises water preferably but not necessarily having a pH of at least about 
8.0 to which has been added a microbiocidally effective quantity of a l,3-dibromo-5,5- 
dialkylhydantoin (DBDAH) in which one of the alkyl groups is a methyl group and the other 
alkyl group contains in the range of 1 to 4 carbon atoms, (i) the molar quantity of the DBDAH 
added being less than the molar quantity ofNjIsP-bromochloro-SjS-dimethylhydantoin (BCDMH) 
that would be required to effect the same degree of microbiocidal activity in that water, (ii) the 
quantity of DBDAH added releasing an amount of "free chlorine" that is greater than the amount 
of "free chlorine" that would be released in that water by an equimolar quantity of BCDMH, and 
(iii) the amount of "free chlorine" released by the amount of DBDAH added being greater than 
the amount of "free chlorine" that could be predicted to be released by DBDAH on the basis of 
the amount of "free chlorine" that would be released in that water by an equimolar quantity of 
BCDMH. Here again, the most preferred DBDAH is l,3-dibromo-5,5-dimethylhydantoiri 
(DBDMH). 

This invention as reflected for example by the above embodiments, involves a number 
of surprising features. First of all, it is surprising that to' achieve a given level of microbiocidal 
effectiveness, especially in an aqueous medium with apH of at least about 8.0, a smaller quantity 
of DBDAH such as DBDMH can be used than BCDMH. Heretofore the art has regarded 
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BCDMH asbeingabioeidal agent of choice because of the levels of effectiveness achieved by 

Moreover ,1, is ™ « in an a^ua medium 
^TOMH^ta^an^urnof^cUo^releasndbyaneqn^larqn^ 

tatatthemwouldbenoappreekbledife^ 

^^■nno.nnfflc^par^^ofv^san^te^apHofg^taab^S.O 

Hach Meld 802, (eopyrigh, 1997, by Hach Company) and for 

1 67 (cooyriBht 1997, by Hach Company), and converhng the mg/L CI, tree onlonne 
Method8167(copyngnny*-, ; .-Mai chlorine" values from (he tests, was 

valnestMmmetesBtopercentogesofthemgJ.Cl, totalcnionne 

e^Lqua^ofBCDMHdiacover*^ 

2Z ^ S achieved ustag one o, more of Ore above described U-drbromc-S 5- 
^ItLsnohasDBDMHmdtesamemolax^tyasBCDmoreven — 
^Cnntyofoneormomsuchl^bromo-S.S-dfalkylbydan^taBCD^ 

Another embodiment of Ms invention is amedtod for daenntang a quanuty of a l> 
^olf^Mnydantoins^^^^ 

prSry bu, norneLari,y having a pH of a, least about 8.0. The mefcod cumpnses M 
'a^gto^cUorhre-cnncer^or.ofsamplesofsaidwater— gres^bv* 

respecrively BCDMH andDBDAH, and (iU) determining respechvely for BCDMH 

ofhvdrolyarato-treeoMorine-UseoftlnamethodenablestoamonntofDBDAHtobenaed 
target dose of "free chlorine." By W dose" is mean, dose deem d 
•^TTto wa£ freater to effect microbiooidal control in the water berng subjected to 
^Cnt^tMsernbodimemofd.emverdion.any^eme^ofde^ 

^UonXd Ul chlorine" can be used, but in the even, of any oonflKhng dam as 
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between different parties, Hach Method 8021 (copyright 1997) for "free chlorine" and Hach 
Method 8167 (copyright 1997) for cc total chlorine" shall be used. For example, a given water 
treater may deem a slug dose o£ say, 0.2 mg/L of "free chlorine" to be sufficient for maintaining 
microbiocidal control in a given body of water. Knowing the extent of hydrolysis as determined 
by use of this invention, and also the total volume of the body of water, the water treater can 
determine an amount of solid DBDAH to apply in a slug dose to achieve effective microbiocidal 
control while at the same time without using an undue excess of DBDAH. 

In another of its embodiments, this invention provides a method of effecting biocidal 
activity in water preferably but not necessarily having a pH of at least about 8.0, which method 
comprises providing in such water using a 1 ,3-dibromo-5,5-dialkylhydantoin (DBDAH) biocidal 
agent an amount of "free chlorine" that is greater than could be predicted from the amount of 
"free chlorine" provided by an equimolar amount of NjN'-bromochloro-SjS-dimethylhydantoin 
(BCDMH), as determinable by comparative testing as follows: 

a) determining the amount of species of the DBDAH and of BCDMH. which register 
respectively as "total chlorine" using Hach Method 8167 (copyright 1997, by Hach 
Company); 

b) dete rmining the amount of species of the DBDAH and of BCDMH which register 
respectively as "free chlorine" using Hach Method 8021 (copyright 1997, by Hach 
Company); and 

c) determining respectively for the DBDAH and BCDMH the relative extent of hydrolysis 
to species which register as "free chlorine." 

The foregoing method can be applied for treating water for microbiological control and/or for 
biofilm eradication. 

Another embodiment is water preferably but not necessarily having apH of at least about 
8.0 in which microbiological and/or biofilm activity is minimized if not eliminated by the 
addition thereto of an amount of "free chlorine" using an above-described l,3-dibromo-5,5- 
dialkylhydantoin (DBDAH) biocidal agent where the amount of "free chlorine" actually present 
in the water is greater than could be predicted from the amount of "free chlorine" provided by 
an equimolar amount of N^-bromochloro-S^-dimethylhydantoin (BCDMH), as determinable 
by comparative testing as follows: 

a) determining the amount of species of the DBDAH and of BCDMH which register 
respectively as "total chlorine" using Hach Method 8167 (copyright 1997, by Hach 
Company); and 

b) determining the amount of species of the DBDAH and of BCDMH which register 
respectively as "free chlorine" using Hach Method 8021 (copyright 1997, by Hach 
Company); and 
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c) determining respectively fortheDBDAH and BCDMH therelauve extent of hydrolysis 

to species which register as "fiee chlorine" 
ttemicmbiologicmconholand/o^^ 

acttvity against snoh organisms and pathogens as bacteria, algae, and b.ofilms 

It should be understood that the tonus "free chlorine" and "total ehlonne" axe tonus 
commonly used by persons in the fields of industrial and tecreauonal water 

appropriae stendand tost procedures whi* differentiate between tire «wo. Furtter, tietorma 
£. chlorine" and "total chlorine" are not restricted to jus, oMonne spec.es m dan * M 
, mfcer, iuclude certain bromine species in the water as weU. Urns in a case 

4. chlorine" and -Ml chlorine" leve.s determined in me 

procedures used would include quantification of the sum of the bromme specres and chlonne 
C~ present ma. respond to me respective teste. The sum of these mspneuve lev 1, te 

ifL^ernearingag^usrfoonteiusbmmineatomsbutnooblonne«ms,«he fieechlonne 

L,d involve quantification of me level of bromine speciea present *t respond «o*e 
^ve teste. Tuna although the halogen species actually present m such case are bromnr - 

"free chlorine" and "total dilorine," respectively. 

^ndpoaittvelyintoeatendMd'Seeohlorine-tostprocedwe. However, one of the features 

Z a pH above about 8.0. Under these conditions the dibromo-contormng mrorobroord es u^d 

co^ndingbromocmoromicrobiocidesasevidenoedbyure^ 

Mi comoarisdns were made between DBDMH and BCDMH. „„._.,. 
30 compares ^ bMnfb(mdthat vAen water having a pH above about 8.0 » treated 

« necessary As a oonsequence, them are involved both an economic penalty due to excessive 
TuZpfionTand - Lronm emal pen** due to release of exoeasive quannnes of leas 
biocidally-active halogen species to the environment. 
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Nevertheless, the "free chlorine" level in water treated with a halogen-releasing biocidal 
agent remains the yardstick by which microbiocidal performance is measured. Species which 
respond to the standard "free chlorine" test are HOC1 and HOBr. Any other form of soluble 
halogen species do not respond to the standard "free chlorine" test. Such non-responsive species 
include, for example, chlorine species bound to a nitrogen atom. On the other hand, the standard 
"total chlorine" test measures both HOBr and HOC1, and any halogen species that do not respond 
to the standard "free chlorine" test 

The standard tests for determination of "free chlorine" and "total chlorine" are based on 
classical test procedures devised by Palin in 1 974. See A. T. Palin, "Analytical Control of Water 
Disinfection With Special Reference to Differential DPD Methods For Chlorine, Chlorine 
Dioxide, Bromine, Iodine and Ozone," J. Inst Water Eng., 1974, 28, 139. While there are 
various modernized versions of the Palin procedures, the version of the tests for "free chlorine" 
and "total chlorine" used- and to be used as the standard in connection with this invention, are 
fully described in Hack Water Analysis Handbook, 3rd edition, copyright 1997. Hie procedure 
for "free chlorine" is identified in that publication as Method 8021 appearing on page 335, 
whereas the procedure for "total chlorine" is Method 8167 appearing at page 379. Briefly, the 
"free chlorine" test involves introducing to the halogenated water a powder comprising DPD 
indicator powder and a buffer. "Free chlorine" present in the water reacts with the DPD indicator 
to produce a red to pink coloration. The intensity of the coloration depends upon the 
concentration of "free chlorine" species present in the sample. This intensity is measured by a 
colorimeter calibrated to transform the intensity reading into a "free chlorine" value in terms of 
mg/LCl 2 . Similarly, the "total chlorine" test also involves use of DPD indicator and buffer. In 
this case, KI is present with the DPD and buffer whereby the halogen species present, including 
nitrogen-combined halogen, reacts with tl to yield iodine species which turn the DPD indicator 
to red/pink. The intensity of this coloration depends upon the sum of the "free chlorine" species 
and all other halogen species present in the sample. Consequently, this coloration is transformed 
by the colorimeter into a "total chlorine" value expressed as mg/L Cl 2 . 

A halogen water treating agent which could provide a high level of both "free chlorine" 
and cc total chlorine" and where these levels would be close together would be a very desirable 
water treating agent. Such an agent would be highly effective as a microbiocidal agent and if of 
an appropriate chemical structure, could be environmentally friendly and highly cost-effective. 
Pursuant to this invention these criteria are met by certain water-soluble l,3-dibromo-5,5- 
dialkylhydantoins (DBDAH). 

In particular, the water-soluble 1 ,3-dibromo-5,5-dialkylhydantoins utilized in the practice 
of this invention are those in which one of the alkyl groups in the 5-position is a methyl group 
and the other alkyl group in the 5-position is an alkyl group having in the range of 1 to 4 carbon 
atoms. Thus the biocides used in this invention comprise l,3-dibromo-5,5-dimethylhydantoin, 
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1 3-dibromo-5-e%l-5-methylhydantoin, l^-dibromo-5-n-propyl-5-methylhydantoiii, 1,3- 
dibromo-5-isopropyl-5-methylhydantoin, l,3-dibromo-5-n-butyl-5-methylhydaiitoin, 1,3- 
dibromo-5-isobutyl-5-methylhydantoin, l,3-dibromo-5-sec-butyl-5-methylhydantoin, 1,3- 
dibromo-5-tert-butyl-5-methylhydantoin, and mixtures of any two or more of them. Of these 
5 biocidal agents, 1 ,3-dibromo-5-isobutyl-5-methylhydantoin, 1 ,3-dibromo-5-n-propyl-5- 
methylhydantoin, and 1 ,3-dibromo-5-ethyl-5-methylhydantoin are, respectively, preferred, more 
preferred, and even more preferred members of this group from the cost effectiveness standpoint 
Of the mixtures of the foregoing biocides that can be used pursuant to this invention, it is 
preferred to use l,3-dibromo-5,5-dimethylhydantoin as one of the components, with a mixture 

10 of l,3-dibromo-5,5-dimethylhydantoin and l,3-dibromo-5-ethyl-5-methylhydantoin being 
particularly preferred. Hie most preferred biocide employed in the practice of this invention is 
1 ,3-dibromo-5,5-dimethylhydantoin. 

When a mixture of two or more of the foregoing biocides is made up or used pursuant to 
this invention, the individual biocides of the mixture can be in any proportions relative to each 

15 other. 

It is to be understood that in the practice of this invention it is not necessary to perform 
the specified tests every time a body of water is to be dosed with DBDAH or with BCDMH 
(depending upon the embodiment of this invention being practiced). Instead, as made clear by 
the use of the term "determinable" (z. e. , able to be determined), the testing should be done when 
20 deemed necessary or desirable to either establish the requisite dosage of DBDAH or BCDMH, 
as the case may be, or to check or confirm that the proposed dosage complies with this invention 
and thus will make available the economic and environmental benefits resulting from the practice 
of this invention. 

When it is desired to conduct the appropriate testing any suitable method of determining 
25 "free chlorine" and "total chlorine" can be used, but in the event of any conflicting data or dispute 
as between different parties, the full procedure set forth below entitled "DBDAH and BCDMH 
Test Procedure" is to be used to resolve the issue in connection with any embodiment of this 
invention. 

The DBDAH and BCDMH test procedure used is as follows: 
30 1. To determine the amount of species present in the water which respond to the "free 
chlorine" and C6 total chlorine" tests, the water sample should be analyzed within a few 
minutes of being taken, and preferably immediately upon being taken. 
2. Hach Method 8021 for testing the amount of species present in the water sample which 
respond to the "free chlorine" test involves use of the Hach Model DR 20 1 0 colorimeter. 
35 The stored program number for chlorine determinations is recalled by keying in "80" on 

the keyboard, followed by setting the absorbance wavelength to 530 nm by rotating tie 
dial on the side of the instrument. Two identical sample cells are filled to the 10 mL 
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mark with the water under investigation. One of the cells is arbitrarily chosen to be the 
blank. Using the 10 mL cell riser, this is admitted to the sample compartment of the 
Hach Model DR 2010, and the shield is closed to prevent stray light effects. Then the 
ZERO key is depressed. After a few seconds, the display registers 0.00 mg/L Cl 2 . To 
S second cell, the contents of a DPD Free Chlorine Powder Pillow are added This is 

shaken for 10-20 seconds to mix, as the development of a pink-red color indicates the 
presence of species in the water which respond positively to the DPD test reagent 
Within one minute of adding the DPD "free chlorine" reagent to the 10 mL of water in 
the sample cell, the blank cell used to zero the instrument is removed from the cell 
10 compartment of the Hach Model DR 20 1 0 and replaced with the test sample to which the 

DPD fi iree chlorine" test reagent was added The light shield is then closed as was done 
for the blank, and the READ key is depressed The result, in mg/L Cl 2 is shown on the 
display within a few seconds. This is the "free chlorine" level of the water sample under 
investigation. 

15 3 . Hach Method 8 1 67 for testing the amount of species present in the water sample which 
respond to the "total chlorine" test involves use of the Hach Model DR 20 1 0 colorimeter. 
The stored program number for chlorine determinations is recalled by keying in "80" on 
the keyboard, followed by setting the absorbance wavelength to 530 nm by rotating the 
dial on the side of the instrument Two identical sample cells "are filled to the 10 mL 

20 mark with the water under investigation. One of the cells is arbitrarily chosen to be the 

blank. To the second cell, the contents of a DPD Total Chlorine Powder Pillow are 
added. This is shaken for 1 0-20 seconds to mix, as the development of a pink-red color 
indicates the presence of species in the water which respond positively to the DPD "total 
chlorine" test reagent On the keypad, the SHIFT TIMER keys are depressed to 

25 commence a three minute reaction time. After three minutes the instrument beeps to 

signal the reaction is complete. Using the 10 mL cell riser, the blank sample cell is 
admitted to the sample compartment of the Hach Model DR 2010, and the shield is 
closed to prevent stray light effects. Then the ZERO key is depressed. After a few 
seconds, the display registers 0.00 mg/L Cl 2 . Then, the blank sample cell used to zero the 

30 instrument is removed from the cell compartment of the Hach Model DR 2010 and 

replaced with the test sample to which the DPD 'total chlorine" test reagent was added. 
The light shield is then closed as was done for the blank, and the READ key is depressed. 
The result, in mg/L Cl 2 is shown on the display within a few seconds. This is the cc total 
chlorine" level of the water sample under investigation. 

35 The various new features of this invention and the advantages accruing therefrom will be 

further apparent from Examples 1 -3 , which as presented for purposes of illustrating the invention 
without limiting the scope of the invention. 
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EXAMPLE 1 

Simulated cooling water was prepared using deionized water to which calcium chloride 
and sodium bicarbonate were added to provide calcium hardness of 400 PP m and a total 
alkalinity of 300 ppm. A small amount of phosphonobutanetricarboxylic acid (PBTC) (5 ppm) 
wasusedtopreventcd^^ 

to adjust the pH of the simulated cooling water solutions to pH 9.1. 

Stock solutions of DBDMH and of BCDMH were prepared by slurrying 1 gram of the 
respective powders in 100 mL of deionized water. After stirrkg for 20 nnnutes, me insolubles 
were filtered to yield clear saturated stock solutions of DBDMH and BCDMH, respectively 
Iodometrictitrationofmestocksolutionsusmgthepotassiumio^ 

mdicatedmeDBDMHsolution^^ 
contained 1 100 mg/L (as total chlorine). 

The stock solutions were used to dose two simulated cooling water solutions to 1 mg/L 
as total chlorine. Thus, 1.7 mL of DBDMH stock solution was introduced to 1000 mL of 
simulatedcoolmgwatertofo^^ 

introduced to another 1000 mL of simulated cooling water to produce a second test solution. 
Bomofmesetestsolutionswerep^ 

prevent evaporation. The bottles were then placed in an oven and heated to 38 C(100 F) As 
soon as the solutions reached the equilibrium temperature of 38°C, 10 mL aliquots of each test 
solution were removed and analyzed using Hach Method 8167 for 'total chlorine," to confirm 
that each contained a "total chlorine" level of 1 mg/L. The same solutions were also analyzed 
usingHachMefcodSO^for^eecMo^ 

also registered as "free chlorine." These analyses were recorded as results at time 0. The test 
solutions weremenkeptmmeovenatmeequ^ 

during which time additional 10 mL aliquots were removed at known time intervals and 
subjectedto the same analysis procedures for chlorine" and 'lotal chlome." 

The results of each of the foregoing determinations are summarized in Table 1 and are 
depicted graphically in Fig. 1. In Table 1 the values given at times 0.5 through 6 hours are 
percentages ofthe corresponding values showninTable 1 forTimeO. These resuta are depicted 
graphically in Fig. 1. Table 2 sets forth the percentages of hydrolysis to free chlorme 
experienced by the BCDMH and the DBDMH based on the results shown in Table 1 Fig. 2 

of 6 hours the differences in the percentage of hydrolysis as between BCDMH and DBDMH 
remained substantially constant. The minor variations in such differences appeanngm Table 2 
and Fig 2 are deemed insignificant statistically inasmuch as they are within experimental error. 
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TABLE 1 



Time, 
hr 


BCDMH 
Free Cl 2 


BCDMH 
Total Cl 2 


DBDMH 
Free Cl 2 


DBDMH 
Total Cl 2 


0 


23.1 


100 


98.8 


100 


0.5 


25.6 


104 


100 


104 


1 


23.1 


100 


85.1 


87.3 


1.5 


17.9 


92.3 


87.3 


87.3 


2 


16.6 


88.5 


81.6 


83.9 


3 


16.6 


88.5 


70.1 


74.7 


4 


30.7 


79.5 


65.5 


66.6 


5 


15.4 


76.9 


60.1 


63.2 


6 


10.2 


71 


59.8 


62 



TABLE 2 



Time, hr 


' BCDMH 
% hydrolysis to Free Cl 2 


• DBDMH 
% hydrolysis to Free. Cl 2 


0 


23.1 


98.8 


0.5 


24.7 


95.6 


1 


23.1 


97.3 


1.5 • 


19.4 


100 


2 


18.8 


97.2 


3 


18.8 


93.8 


4 


38.7 


93.8 


5 


20 


96.4 


6 


14.3 


96.3 



EXAMPLE 2 

The effectiveness of DBDMH and of BCDMH in microbiological control in cooling 
tower water was investigated in comparative tests. The cooling tower consisted of two 6.33 x 
10 6 kJ/hr (500-ton) units in a crossflow design. The total system-contained volume was 52,990 
L (14,000 gallons), and the tower contained medium efficiency film fill. Water from the tower 
cooled the coils of two 3 .80 x 1 0 6 kJ/hr (300-ton) air conditioners (chillers). The tower typically 
operated at a pH of about 9.1 and 4 cycles of concentration. Blowdown was controlled by 
conductivity. Make-up water consisted of softened city water and which was of good quality. 
The make-up water was very low in calcium (< 1 0 mg/L) but high in pH (8.7). The alkalinity 
was 145 mg/L (as CaC0 3 ), and the silica level was 28 mg/L. The tower employed a conventional 
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polyphosphate/molyb-date/phosphonate program to provide corrosion and deposit control. The 
conditions and results are summarized in Table 3. 



TABLE 3* 



- " 


Cooling Tower Water 


Make-up Water 


Cooling Tower Data 






Temperature (return line) 


33° C (91°F) 


— 


Temperature (to process) 


28.3° C (83°F) 


- 


AT 


4.7°C(8°F) 




Make-up water 


18,168 L/day 
(4800 gal/day) 




Water Chemistry 






Conductivity, mS/cm 


1.22 


0.32 


pH, units 


9.2 


8.7 


Alkalinity, mg/L as CaC0 3 


480 


145 


Total Hardness, mg/L as CaC0 3 


1 


3 


Silica, mg/L 


100 


28 



*This data represents the average of several analyses conducted during the course of the field 
trial. 



The BCDMH (9. 1 kg [20 lbs]) was introduced to the water using 20-gram, 2.54 cm Cl- 
inch) tablets charged to a solid halogen feeder (Neptune model BT-40, Neptune Chemical Pump 
Co., Inc., Lansdale, PA). Before each dose, the cooling tower water was sampled and 
enumerated for heterotrophic bacteria plate counts. Then the tower was slug dosed three times 
a week withBCDMH. Slug dosing was accomplished by diverting through the feeder containing 
the tablets a sidestream of the recirculating water for about 1 to 5 hours until a "free chlorine" 
dose of about 0.5 mg/L (as "free chlorine") was obtained. The "total chlorine" dose was 
measured at the same time. After each dose the cooling water was sampled and enumerated for 
heterotrophic bacteria plate counts. As necessary, the feeder was replenished with more BCDMH 
tablets. The total dry weight of BCDMH tablets consumed over a 30-day test period (obtained 
by subtracting the dry weight of the tablets remaining in the feeder at the completion of the test 
from the total dry weight of the tablets added to the feeder during the test period) was found to 
be 11.35 kg (25 lbs). 

It was found that this biocide program (biocide dose 0.5 mg/L "free chlorine") reduced 
heterotrophic bacterial levels in the bulk water by an average of 1 order of magnitude. For 



13 



WO 02/062141 



PCT/US01/21702 



example, before the biocide dose the bacteria levels in the bulk water ranged from 10 5 to 10 4 
CFUs/mL. After the biocide dose the bacteria levels in the bulk water wore reduced to 10 4 to 10 3 . 

After emptying the feeder of BCDMH tablets, 9. 1 kg (20 lbs) of DBDMH granules was 
charged into the feeder. Thereupon the same procedure as described above for the B CDMH was 
5 carried out except for the fact that is was unnecessary to add any additional DBDMH to the 
feeder during the 30-day test period. In fact, the total weight of DBDMH consumed during the 
test was only 3 .1 8 kg (7 lbs). Also, the targeted 0.5 mg/L "free chlorine" dose in the bulk water 
was achieved in only 20 to 30 minutes. It was found that the biocidal performance provided by 
3.18 kg (7 lbs) of DBDMH was the same as provided by 1 1.35 kg ( 25 lbs) of BCDMH under 
10 the same test conditions. 

EXAMPLE 3 

Using the same cooling tower as used in Example 2, the effectiveness of 1 ,3-dibromo-5,5- 
dimethylhydantoin in microbiological control in cooling tower water was investigated. As noted 
above, the cooling tower consisted of two 6.33 x 10 6 kJ/hr (500-ton) units in a crossflow design. 

15 The total system-contained volume was 52,990 L (14,000 gallons), and the tower contained 
medium efficiency film fill. Water from the tower cooled the coils of two 3 . 80 x 1 0 6 kJ/hr (3 00- 
ton) air conditioners (chillers). The tower typically operated at a pH of about 9.1 and 4 cycles 
of concentration. Blowdown was controlled by conductivity. Make-up water consisted of 
softened city water and which was of good quality. The make-up water was veiy low in calcium 

20 (< 10 mg/L) but high in pH (8.7). The alkalinity was 145 mg/L (as CaC0 3 ), and the silica level 
was 28 mg/L. The tower employed a conventional polyphosphate/molybdate/phosphonate 
program to provide corrosion and deposit control. * 

The l,3-dibromo-5,5-dimethylhydantoin was introduced to the water using granules 
charged to a solid halogen feeder (Neptune model BT-40, Neptune Chemical Pump Co., Inc., 

25 Lansdale, PA). The field trial lasted 5 1 days. The tower was slug dosed three times a week with 
l,3-dibromo-5,5-dimethylhydantoin. Slug dosing was accomplished by diverting a sidestream 
of the recirculating water through the feeder containing the granules for about 1 to 5 hours until 
a total halogen residual of about 0.75 mg/L(as Cy was obtained. This biocide program reduced 
bacterial levels in the bul k water by an average of 2 orders of magnitude, with bacteria levels in 

30 the bulk water after the biocide dose ranging from 10 1 to 10 3 CFUs/mL. 

The results from the average of several analyses conducted during the course of this field 
trial using DBDMH were as follows: In the microbiological tests, the levels of aerobic bacteria 
were in the range of 6 x 10° to 3 x 10 3 CFUs/mL in the cooling tower water and 10° in the make- 
up water. As regards water chemistry, the free halogen residual (as CLj) was 0.79 mg/L (the 

35 range being 1 .9-0.00 mg/L) in the cooling tower water and 0.05 mg/L in the make-up water; and 
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fte^WogenresidudCasCy.asO.SJ^^rangebetagl.^m^mftecoolmg 
fnwpr water and 0.8 mg/L in the make-up water. 

„ iiia**» nRDMH and novel DBDMH products are descnbed respectively in 

2000 Methods for the formation of compacted forms of DBDMH such as .ante 

"ZSH. compacted forms of W -dibromo. 5 ,5-dnne%lhydan,om for use nr dnx 
L^tTa micromL sy^edc ^ hydrocarbon * ™* 
Lthetic polyfluorocarbon wax effective to form the compacted product provrded «he «u 

"^on vvim compacted forms of bleuds of l,3*mmo-5, 5 -dimemylnydan,om wt* . 
ZZZZZ-Z polyolefim-baaed hydroanbon wax and/or a nucromzed syn.he.rc 

55-dunomyu V drmtomismtterangeofl7Sto400nuomm,ifnoteven^ 

aimcuiyui^uaut , n 7 f 1 0 rmiligrams of bromine, as Br 2 , 

"free chlorine" per liter of water (which corresponds to 0.2 to 1 0 

r* f ™W> Preferably such dosages are in the range of 0.1 to 2 milligrams ot tree 
. per hter of water). Preferably, su "* m iiiiorams of bromine, as Br* per Uter 

cbiorke"pernterofwater(wbi^^ 
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of water). However, departures from these ranges are permissible and are within the scope of this 
invention, provided that the departures result in sufficient microbiological control in accordance 
with the needs of the occasion, including applicable governmental regulations. 

As noted above, the most effective presently-known process for producing 1 ,3-dibromo- 
5 ,5-dimethylhy dantoin for use in the practice of this invention is described in commonly-owned 
U.S. Application No. 09/484,844, filed January 1 8, 2000. That process comprises, for example, 
concurrently feeding (i) an aqueous solution or slurry formed from an inorganic base and 5,5- 
dimethylhydantoin, and (ii) a brominating agent in proportions such that each nitrogen atom is 
substituted by a bromine atom, thereby continuously forming product which precipitates in an 
aqueous reaction mixture. The pH of the mixture is continuously maintained in the range of 5.5 
to 8.5. 

Methods of producing tablets from large average particle size l,3-dibromo-5,5- 
dimethy Ihydantoin without use of binders, and the exceptional crush strength of such binder-free 
tablets are described in commonly-owned U.S. Application No. 09/484,687, filed January 18, 
2000. Methods of producing tablets from l,3-dibromo-5,5-dimethylhydantoinwith use of certain 
micronized wax binders, and the even more exceptional crush strength of such tablets are 
described in commonly-owned U.S. Application No. 09/487,816, filed January 18, 2000. The 
remarkable flowability of large particle size 1 ,3-dibromo-5,5-dimethylhydantoin as compared to 
samples of commercially-available l,3-dihalo-5,5-dimethylhydantoin products is described in 
commonly-owned U.S. Application No. 09/484,687, filed January 18, 2000. 

There are a great number of important ways of carrying out or implementing this 
invention. In brief summary, some of these embodiments are as follows: 

A) a method of effecting microbiocidal activity in a body of water, which method comprises 
providing in such body of water using a 1 ,3-dibromo-5,5-dialkylhydantoin microbiocidal agent 
described herein (DBDAH), most preferably l,3-dibromo-5,5-dimethyl-hydantoin (DBDMH), 
a concentration of "free chlorine" that is greater than could be predicted from the concentration 
of "free chlorine" provided by an equimolar amount ofN 3 N-bromochloro-5,5-dimethylhydantoin 
(BCDMH), as determinable by comparative testing for "free chlorine" using Hach Method 8021 
(copyright 1 997, by Hach Company) and for "total chlorine" using Hach Method 8 1 67 (copyright 
1997, by Hach Company), and converting the mg/L Cl 2 "free chlorine" values from the tests to 
percentages of the mg/L Cl 2 "total chlorine" values from the tests, the four water samples used 
in said tests each having the same pH as said body of water and containing an equimolar quantity 
of BCDMH or DBDAH. 

B) A method of A) above wherein the molar amount of the l,3-dibromo-5,5-dialkyl- 
hydantoinmicrobiocidal agent (DBDAH), most preferably l,3-dibromo-5,5-dimethylhydantoin, 
provided in said body of water is less than the molar amount of N,N'-bromochloro-5,5- 
dimethy Ihydantoin required to achieve the same degree of microbiological control. 
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C) Individual methods of A) or B) above wherein the l 5 3-dibromo-5,5-dialkylhydantoin 
microbiocidal agent (DBDAH) used is 1 5 3-(Kbromo--5,5-dimethylhydantoin having (a) an average 
particle size in the range of 20 to 600 microns, (b) an average particle size of at least about 175 
microns, (c) an average particle size of at least about 200 microns, (d) an average particle size 

• 5 of at least about 300 microns, or (e) an average particle size of at least about 400 microns. 

D) Individual methods of A) or B) above wherein the l^-dibromo-S^S-dialkylhydantoin 
microbiocidal agent (DBDAH) used is (i) l,3-dibromo-5,5-dimethylhydantoin in the form of a 
compacted product produced without a binder, or (ii) at least one l,3-dibroino-5,5- 
dialkylhydantoin microbiocidal agent described herein (DBDAH), most preferably 1 ,3-dibromo- 

10 5,5-dimethylhydantoin, in the form of a compacted product produced using as a binder an amount 
of a micronized synthetic polyolefin-based hydrocarbon wax and/or a micronized synthetic 
polyfluorocarbon wax effective to form the compacted product, the wax being compatible with 
the 1 ,3«-dibromo-5,5-dialkylhydantoin, or (Hi) is in the form of a compacted product formed from 
at least one 1 ,3-dibromo-5,5-dialkylhydantoin microbiocidal agent described herein (DBDAH), 

15 most preferably l,3-dibromo-5,5-dimethylhydantoin, wherein the compacted product was 
produced using as abinder an amount of a saturated, normally solid, fatty amide effective to form 
the compacted product 

E) Individual methods of (i) of D) above wherein the l,3-dibromo-5,5-dimethylhydantoin 
being used has an average particle size of at least about 175, at least about 200, at least about 300, 

20 or at least about 400, microns. 

F) Individual methods of (ii) of D) above wherein the wax is micronized polyethylene wax 
having, prior to compaction, an average particle size of no greater than about 15 microns, a 
maximum particle size of no greater than about 40 microns, and a density in the rangeof 0.9 to 
1 .4 grams per cc at 25°C; or a micronized polyethylene wax that, prior to compaction, melts at 

25 a temperature in the range of 1 09°C to 1 1 1 °C; or a micronized polypropylene wax having, prior 
to compaction, an average particle size in the range of 5.0 to 7.0 microns, a maximum particle 
size of about 22 microns, and a density in the range of 0.9 to 1.4 grams per cc at 25°C; a 
micronized polypropylene wax that melts at a temperature in the range of 140°C to 143°C, that 
has an average particle size in the range of 5.0 to 7.0 microns, and that has a maximum particle 

30 size of about 22 microns. 

G) Individual methods of (iii) of D) above wherein the l,3-dibromo-5,5-dialkylhydantoin 
being used is l,3-dibromo-5,5-dimethylhydantoin having an average particle size of at least about 
200, at least about 300, at least about 400, or at least about 500, microns. 

H) Individual methods of A) or B) above wherein the microbiocidal activity in said body of 
35 water comprises combating Escherichia coli and/or Enter ococcusfaecium in said body of water. 

I) A method of purveying a microbiological control agent for use in water in accordance 
with U. S . Environmental Protection Agency regulations, which method comprises purveying a 
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container of a water control agent comprising at least one l 3 3^bromo-5 5 5-dialkylhydantoih 
microbicidal agent described herein (DBDAH), most preferably l,3-dibromo-5,5- 
dimethylhydantoin, the container bearing a label having thereon dosage levels pursuant to 
requirements promulgated by the U. S. Environmental Protection Agency, and specifying either 
5 on said label, or on or in packaging for said container, to the effect that Jhe contents are 
recommended for use, or are for use, in water treatment, or to the effect that the contents are 
recommended for use, or are for use, in water having a pH of at least about 8.0. 
J) Individual methods of H) or I) above wherein the 1 ,3 -dibromo-5,5-dialkylhydantoin being 
used in H) or the control agent being used in I) is (i) l,3^bromo-5,5-dimethylhydantoin in the 

10 form of a compacted product produced without a binder, (ii) at least one l,3-dibromo-5,5- 
diall^lhydantoinmicrobiocidal agent described herein (DBDAH), most preferably 1,3-dibromo- 
5,5-dimethylhydantoin, in the form of a compacted product produced using as a binder an amount 
of a micronized synthetic polyolefin-based hydrocarbon wax and/or a micronized synthetic 
polyfluorocarbon wax effective to form the compacted product, the wax being compatible with 

15 the l,3-dibromo-5,5-dialkylhydantoin, or (iii) at least one l,3-dibromo-5,5-dialkylhydantoin 
microbiocidal agent described herein (DBDAH), most preferably l,3-dibromo-5,5- 
dimethylhydantoin, in the form of a compacted product formed from the l,3-dibromo-5,5- .. 
dialkylhydantoin wherein the compacted product was producejd using as a binder an amount of 
a saturated, normally solid, fatty amide effective to form the compacted product 

20 K) Individual methods of (i) of J) above wherein the l,3-dibromo-5,5-dimethylhydantoin 
being used has an average particle size of at least about 175, at least about 200, at least about 300, 
or at least about 400, microns. 

L) Individual methods of (ii) of J) above wherein the wax is polyethylene wax having, prior 
to compaction, an average particle size of no greater than about 1 5 microns, a maximum particle 

25 size of no greater than about 40 microns, and a density in the range of 0.9 to 1 .4 grams per cc at 
25 °C; or wherein the wax is a polyethylene wax that, prior to compaction, melts at a temperature 
in the range of 109°C to 111°C; or wherein the wax is polypropylene wax having, prior to 
compaction, an average particle size in the range of 5.0 to 7.0 microns, a maximum particle size 
of about 22 microns, and a density in the range of 0.9 to 1 A grams per cc at 25°C; or wherein the 

30 wax, prior to compaction, is a polypropylene wax that melts at a temperature in the range of 
140°C to 143°C, that has an average particle size in the range of 5.0 to 7.0 microns, and that has 
a maximum particle size of about 22 microns. 

M) Individual methods of (iii) of J) above wherein the l,3-dibromo-5,5-dialkylhydantoin 
used in forming the compacted product is l,3^ibromo-5,5-dimethy^ 
35 particle size of at least about 200, at least about 300, or at least about 400, microns. 

N) Individual methods of any of A>M) above wherein the body of water being treated is 
industrial cooling water, wastewater, or process water. 



18 



PCT/US01/21702 

WO 02/062141 

of ft e wafcr <to»gb a bed of to l,3-mbromo-5,5<iiaMhyd»n,oto snch a W« 
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V) Individual methods of (iii) of S) above wherein the l,3-chbromo-5,5-dialkylhydantoin 
being used is 1 ,3 -dibromcn5,5-dimethylhydantoin having an average particle size of at least about 
200, at least about 300, at least about 400, or at least about 500, microns. 
W) Individual methods of A) or B) above wherein the microbicidal activity in said body of 
5 water comprises eradicating, substantially eradicating, or at least reducing Pseudomonas 
aeruginosa biofilm on a surface in contact with said body of water. 

X) A method of purveying a biofilm control agent for use in water in accordance with U. S . 
Environmental Protection Agency regulations, which method comprises purveying a container 
of a biofilm control agent for use in aqueous media, such agent comprising at least one 1,3- 
10 dibromo-5,5-dialkylhydantoin described herein (DBDAH), most preferably l,3-dibromo-5,5- 
dimethylhydantoin, the container bearing a label having thereon dosage levels pursuant to 
requirements promulgated by the U. S. Environmental Protection Agency, and specifying either 
on said label, or on or in packaging for said container, to the effect that the contents are 
recommended for use, or are for use, with water having a pH of at least about 8.0. 

15 Second Aspect of the Invention 

In accordance with this aspect of the invention two different categories of biocidally- 
active 1 ,3-dibromo-5,5-dialkylhydantoin biocidal compositions in readily identifiable forms. In 
one such category the only biocidally-active component of the biocidal composition is at least 
one l,3-dibromo-5,5-chalkylhydantoin in which one of the alkyl groups in the 5-position is a 

20 methyl group and the other alkyl group in the 5-position contains in the range of 1 to 4 carbon 
atoms (DBDAH). In the other such category the biocidally-active components of the biocidal 
composition are a combination of (i) DBDAH and (ii) at least one non-fluid biocidally-active 
water treating agent compatible with DBDAH, wherein the weight ratio of (i) to (ii) is in the 
range of 0.1:0.4 to 99.9:0.1, preferably in the range of 1:1 to 99.9:0.1, more preferably in the 

25 range of 9:1 to 99.9:0.1, and most preferably in the range of 19:1 to 99.9:0.1 . Each such category 
of biocidally-active component or components can be in admixture with from 0 to 90 wt% of 
biocidally-inactive components such as for example one or more binders, fillers, excipients, dyes 
or colorants, perfumes, stabilizers, and/or manufacturing by-products. In these biocidal 
compositions the balance, if any. to 100 wt% of the compositions is one or more biocidally- 

30 inactive materials. 

Pursuant to one embodiment of this invention, such biocidal compositions are provided 
for use as a biocide or disinfectant in aqueous systems such as wastewater, commercial and 
industrial recirculating cooling water systems, industrial once-through cooling water systems, 
brewery pasteurizers, recreational water (swimming pools, hot tubs, and spas), pulp and paper 

35 mill systems, air washer systems, air and gas scrubber systems, decorative fountains, and hard 
surface sanitizers. In another embodiment such biocidal compositions are provided for use in the 

20 
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formulation of fungicides, algicides, slimicides, and microbiocides for use in such aqueous 
systems. 

Of the above two categories of biocidal compositions, the preferred category is the one 
in which the only biocidally-active component of the biocidal composition is at least one 1,3- 
dibromo-5,5-dialkylhydantoin in which one of the alkyl groups in the 5-position is a methyl 
group and the other alkyl group in the 5-position contains in the range of 1 to 4 carbon atoms 
(DBDAH). 

Thus, in accordance with one embodiment of this invention, there is provided an article 
of manufacture comprising a packaging material and a biocidal composition contained within 
said packaging material, wherein said biocidal composition is a biocidal composition described 
above, and wherein said packaging material comprises at least a label suitably identifying the 
name of the product in the package, and at least a sticker identifying the contents as being an 
oxidizing agent Preferably the foregoing label or another label associated with the packaging 
material will indicate the hazards associated with the handling and use of the packaged 
composition, and if such article of manufacture is to be exported from one country to another, 
it is particularly preferred that such precautionary statements relating to such hazards be written 
in the language of the recipient country. More preferably, the foregoing label or another label 
associated with the packaging material will indicate that an active ingredient of the composition 
contained within said packaging material is the one or more of the above-specified 1 ,3-dibromo- 
5,5-diaIkylhydantoins actually contained therein. Still more preferably, the actual proportion or 
percentage (typically in terms of wt%) of such one or more l,3-dibromo-5,5-dialkylhydantoins 
in the packaged composition will be specified or at least indicated on such label. Even more 
preferably, such labeling will indicate the actual proportion or percentage (typically in terms of 
wt%) of inactive contents in the composition contained within said packaging material. 

In accordance with other preferred embodiments of this invention, there is provided an 
article of manufacture as described above wherein said packaging material comprises alabel that, 
inter alia, identifies the product by name, indicates its functions) uses or use patterns, and 
identifies as an^ctive ingredient of the composition contained within said packaging material, 
the one or more such l,3-dibromo-5,5-dialkylhydantoins actually contained therein. If such 
packaged biocidal composition includes one or more additional biocidally-active ingredients 
compatible with such one or more l,3-dibromo-5,5-dialkylhydantoins, the label will identify as 
an active ingredient of the composition contained within said packaging material, each of the one 
or more such additional biocidally-active ingredients actually contained therein. More preferably, 
the foregoing label will additionally set forth at least one or more (and most preferably all) of the 
following: 

a) the identity of each other active ingredient of said composition, if there is-any such other 
active ingredient present in the composition; 
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b) the amount (typically in terms of wt%) of each active ingredient present in the 
composition; 

c) precautionary statements relating to hazards to humans and domestic animals associated 
with the handling and use of the composition; 

d) description of environmental hazards associated with discharge of the composition into 
the environment; 

e) description of physical and chemical hazards, and indications of how to avoid or at least 
reduce such hazards in use; 

f) advice on storage of the product, and on disposal of the product and containers; 

g) advice concerning practical treatment and first aid to be used in the event of contact of 
the composition with eyes or skin, or if the composition is ingested (swallowed) or 
inhaled; 

h) directions for use, including but not limited to dosage rates associated with specified use 
patterns; and 

i) EPA registration number, EPA establishment number, and name and address of the 
registrant (z. e. , the registration holder). 

This invention provides in another of its embodiments an article of manufacture capable 
of providing to the purchaser or user thereof (A) microbiological control in an aqueous medium 
such as wastewater, recirculating cooling water systems, once-through cooling water systems, 
brewery pasteurizers, recreational water, pulp and paper mill systems, air washer systems, air and 
gas scrubber systems, decorative fountains, or any combination of any two or more of these, 
wherein the recreational water referred to comprises one or more of sw imming pools, hot tubs, 
and spas, and/or (B) eradication or reduction of biofilm on a surface in contact with such aqueous 
medium. This article of manufacture comprises a packaging material and a biocidal composition 
contained within said packaging material. The biocidally-active ingredient of such composition 
is at least one l,3-dibromo-5,5-dialkyl-hydantoin in which one of the alkyl groups in the 5- 
position is a methyl group and the other alkyl group in the 5-position contains in the range of 1 
to 4 carbon atoms (DBDAH). The packaging material comprises a label that indicates that the 
product can be used as a biocidal agent or disinfectant for water treatment and contains 
recommended dosage rates for use or use patterns (types of systems to be treated), whereby in 
use (i) the molar quantity of the DBDAH introduced into the water can be less than the molar 
quantity o^N^bromocUoro-SjSKlimethylhydantoin (BCDMH) that would be required to effect 
the same degree of microbiological control in such medium, (ii) the quantity of DBDAH 
introduced into such aqueous medium releases an amount of "free chlorine" that is greater than 
the amount of "free chlorine" that would be released in such medium by an equimolar quantity 
of BCDMH, and (iii) the amount of "free chlorine" released by the quantity of such at least one 
DBDAH introduced into such aqueous medium is greater than the amount of "free chlorine" that 
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In still another particularly preferred embodiment of this invention, there is provided an 
article of manufacture comprising a packaging material and a biocidal composition contained 
within said packaging material, wherein said biocidal composition comprises as an active 
ingredient of the composition at least at least 95 wt%, more preferably at least 97 wt%, and most 
5 preferably at least 99 wt%, of one or more l,3-chbromo-5,5-dialky!hydantoins in which one of 
the alkyl groups in the 5-position is a methyl group and in which the other alkyl group in the 5- 
position has in the range of 1 to 4 carbon atoms, most preferably l,3-dibromo-5,5- 
dimethylhydantoin, with the balance, if any, to 100 wt% being inactive ingredients), wherein 
said packaging material comprises a label that indicates that the product can be used as a biocidal 
10 agent or disinfectant for use in pools, spas, and/or hot tubs. It is further preferred that such label 
indicate that: 

1) the level of active bromine be maintained between 2-4 ppm in residential spas or hot tubs 
and 3-6 ppm in commercial spas or hot tubs with the pH of the water being adjusted to 
7.2-7.6 prior to initiating treatment with the biocidal composition; and/or 
15 2) the level of active bromine be maintained between 1-4 ppm in swimming pools with the 
pH of the water being adjusted to 7.2-7.6 prior to initiating treatment with the biocidal 
composition. 

Another embodiment of this invention is the method of purveying a microbiological 
control agent for water, which method comprises purveying an article of manufacture of this 

20 invention as described herein. 

Yet another embodiment of this invention is the method of purveying a microbiological 
control agent for water in accordance with U.S. Environmental Protection Agency regulations, 
which method comprises purveying a container of a water control agent comprising as an active 
ingredient at least 20 wt%, preferably at least 50 wt%, more preferably at least 90 wt%, and most 

25 preferably at least 95 wt% of one or more 1 ,3-dibromo-5,5-dialkylhydantoins in which one of the 
alkyl groups in the 5-position is a methyl group and the other alkyl group in the 5-position 
contains in the range of 1 to 4 carbon atoms, said container bearing an official sticker identifying 
the contents as being an oxidizing agent, and a label having thereon dosage levels and all 
information required pursuant to requirements promulgated by the U.S. Environmental Protection 

30 Agency. 

Typically, the biocidal compositions or water control agents provided pursuant to this 
invention will be in powder form, or in a compacted form, such as granules, nuggets, pellets, 
tablets, briquettes, or pucks. 

One category of biocidally-active compositions a biocide or disinfectant in which at least 
35 20 wt%, preferably at least 50 wt%, more preferably at least 90 wt%, and most preferably at least 
95 wt% of the biocide or disinfectant composition is one or a mixture of the above 1 ,3-dibromo- 
5,5-dialkylhydantoins (DBDAH). The balance, if any, to 100 wt% is made up of one or more 
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bidcidally-inactive ingredients, such as for example one or more binders, fillers, excipients, dyes 
or colorants, perfumes, stabilizers, and/or manufacturing by-products. 

Thus articles of manufacture as described above in which are packaged biocidal or 
disinfectant compositions consisting essentially of one or a mixture of the above-described 1,3- 
dibromo-5,5-dialkylhydantoins (DBDAH) identified on a label affixed to or held in contact with 
the package and visible from the exterior of the package, as the active ingredient(s) are provided 
by this invention. Likewise this invention provides articles of manufacture as described above 
in which are packaged biocidal or disinfectant compositions consisting essentially of (i) 20 to 
99.9 wt% of one or a mixture of such l 5 3-dibromo-5,5-dialkylhydantoins (DBDAH) identified 
on a label affixed to or held in contact with the package and visible from the exterior of the 
package, as the active ingredients) together with (ii) 0.1 to 80 wt% of one or more biocidally- 
inactive ingredients, the total of (i) and (ii) being 100 wt%. 

The l,3-dibromo-5,5-dialkylhydantoins utilized in the practice of this second aspect of 
this invention are those described above in connection with the first aspect of this invention, 
including (a) the respective preferred, more preferred, and even more preferred members of tho se 
identified above from the cost effectiveness standpoint, and (b) the preferred and particularly 
preferred mixtures of the l,3-dibromo-5,5-diaIkylhydantoins identified above. As in the first 
aspect, the most preferred biocide employed in the practice of this aspect of the invention is 1 ,3- 
dibromo-5,5-dimethylhydantoin. Also as in the case of the first aspect, when a mixture of two 
or more of the l,3-dibromo-5,5-dialkylhydantoins is made up or used pursuant to this aspect of 
the invention, the individual biocides of the mixture can be in any proportions relative to each 
other. 

As noted above, the biocidally-inactive ingredients) may include for example one or 
more binders, fillers, excipients, dyes or colorants, stabilizers, perfumes, and/or manufacturing 
by-products. Most of these inactive ingredients are conventional, and are well-known to those 
of ordinary skill in the art. Such inactive ingredients to the extent present in detectible quantities 
are disclosed to the U.S. Environmental Protection Agency in terms of their chemical 
composition in a confidential disclosure form. Such ingredients are typically referred to on the 
label as "other" ingredients, "inert" ingredients, "inactive" ingredients or by a use of a term of 
similar import. As noted above, a preferred type of binder for producing compacted products of 
this invention is a saturated, normally solid, fatty amide as described in U.S. Pat No. 5,565,576, 
and a particularly preferred type of binder for this use is a micronized synthetic polyolefin-based 
hydrocarbon wax and/or a micronized synthetic polyfluorocarbon wax effective to form the 
compactedproduct, provided the wax is suitably compatible with the DBDAH, such as described 
above in connection with the first aspect of this invention. 

It can be seen therefore that the compositions of the first aspect of this invention are 
provided in suitably packaged and labeled form pursuant to this second aspect of the invention. 
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Such packaged and labeled compositions are of the first category of this second aspect of the 
invention. 

Also because of the surprisingly great effectiveness of one or a mixture of 1 ,3 -dibromo- 
5,5-dialkylhydantoins in which one of the alkyl groups in the 5-position is a methyl group and 
5 in which the other alkyl group in the 5-position contains in the range of 1 to 4 carbon atoms 
(hereinafter sometimes referred to as "DBDAH"), it is now possible to provide as another 
category ofbiocidally-active compositions abiocide or disinfectant in which the biocidally-active 
components of the biocidal composition are a combination of (a) DBDAH and (b) at least one 
non-fluid biocidally-active water treating agent compatible with DBDAH, wherein the weight 

10 ratio of (a) to (b) is in the range of 0.1 :0.4 to 99.9:0.1, preferably in the range of 1:1 to 99.9:0.1, 
more preferably in the range of 9:1 to 99.9:0.1, and most preferably in the range of 19:1 to 
99.9:0. 1. Such combination of biocidally-active components can be in admixture with from 0 
to 90 wt% of biocidally-inactive components such as for example one or more binders, fillers, 
excipients, dyes or colorants, perfumes, stabilizers, and/or manufacturing by-products. Thus the 

15 overall biocidal composition of this category can contain (a) 20 to 99.9 wt% of DBDAH, (b) 0. 1 
to 80 wt% of one or more non-fluid biocidally-active water treating agents compatible with the 
DBDAH in the composition, and (c) 0 to 90 wt% of one or more biocidally-inactive ingredients, 
the total of (a), (b), and (c) being 100 wt%. 

Accordingly, this invention also provides articles of manufacture as described above in 

20 which are packaged biocidal or disinfectant compositions consisting essentially of (a) 20 to 99.9 
wt% of DBDAH identified on a label affixed to or held in contact with the package and visible 
from the exterior of the package, as active ingredient(s), (b) 0. 1 to 80 wt% of one or more other 
non-fluid biocidally-active water treating agents compatible with the DBDAH in the composition 
and identified on a label affixed to or held in contact with the package and visible from the 

25 exterior of the package, as active ingredients), and (c) 0 to 90 wt% of one or more biocidally- : 
inactive ingredients, the total wt% of (a), (b), and (c) being 100 wt%. 

Ingredients (a) (i.e., DBDAH) and (c) inactive ingredients) have been described 
above. The one or more other non-fluid biocidally-active water treating agents compatible with 
the DBDAH utilized as ingredient(s) (b) above are preferably other biocidally-active water- 

30 soluble 1 ,3 -dihal o 5 3 5 -dialkylhy dantoins, such as l,3-dichloro-5,5-dimethylhydantoin, 1,3- 
dichloro-5-ethy!-5-methylhydantoin, l,3-dichloro-5-n-propyl-5-methylhydantoin, l,3-dichloro-5- 
isopropyl-5-methylhydantoin, l,3-dicUoro-5-n-biitylT5-methylhydantoin, l,3-dicHoro-5-isobutyl- 
5-methylhydantoin, l,3-dichloro-5-sec-butyl-5-methylhydantoin, l,3-dichloro-5-tert-butyl-5- 
methylhydantoin, and mixtures of any two or more of them. Less desirable, but usable, are such 

35 compounds as N,N'-bromochloro-5,5-dimethylhydantoin, NJST'-bromochloro-5-ethyl-5- 
methylhydantoin, l-bromo-5,5-dimethylhydantoin, 3-bromo-5,5-dimethylhydantoin, 1-chloro- 
5,5-dimethylhydantoin, 3-chloro-5,5-dimethyIhydantoin, and their water-soluble homologs. Non- 
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siting examples of other biocides that may be used include sodium dichlomisocyanurate, 
Slsocylric acid, calotam hypochlorite, end liuuum hypochlorite. In order to reduce 

aim, some types of -on-fluid biocidally-active water hearing agents mat can be used -h 
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the label so that the label can be read without removing the overwrap. For example, a plurality 
of unlabeled containers can be disposed on a pallet with a transparent overwrap affixed to the 
upper portion of the pallet and encasing the containers. In such a package, a label can be 
disposed within the overwrap at a site which can be viewed from the exterior. Similarly, the 
5 package can be a rigid or semi-rigid container encased by transparent shrink film which also 
encases the label so that it can be viewed from the exterior. 

Preferably the label is adhesively attached to the exterior of the packaging material, as for 
example by use of a printed paper label with a suitable adhesive substance on its reverse side. 
Alternatively, the label may be imprinted directly onto the exterior surface of the packaging 

10 material, for example by use of a screen printing process. Any other suitable way of labeling the 
packing material, e.g. , stenciling, may be used, if desired 

Preferably , the label of the articles of manufacture of this invention will identify the active 
ingredient(s) of the composition contained within the package, at least one of which must be 
DBDAH. In addition, the preferred labels will specify the amount (typically in terms of wt%) 

15 of each active ingredient present in the composition contained within the package, as well as the 
amount (typically in terms of wt%) of any inactive ingredient(s) present in the composition 
contained within the package. In more preferred articles of manufacture of this invention, the 
label will also contain dosage rate information. In each embodiment of this invention it is 
desirable, if not required, to include a visible sticker indicating that the contents of the package 

20 constitute an oxidizing agent 

All of the description and explanation given above with respect to the first aspect of this 
invention regarding "free chlorine" and "total chlorine" and test procedures, including the 
DBDAH and BCDMH test procedure, applies equally well to the second aspect of this invention, 
and thus need not be repeated here. 

25 The packaged biocide of this invention, whether DBDAH is the only biocidally-active 

ingredient or is in combination with one or more other compatible biocidally-active ingredients, 
can be in the form of a powder, granules, nuggets, caplets, pellets^ tablets, briquettes, or pucks. 
When the packaged biocidal product of this invention contains as the sole active ingredient 1,3- 
dibromo-5,5-dimethylhydantoin in a compacted form, such compacted form can be produced 

30 without use of a binder provided that the average particle size of the l,3-dibromo-5,5- 
dimethylhydantoin (DBDMH) is at least 175 microns. Alternatively and more preferably, the 
compacted forms of DBDMH, and in fact of any and all DBDAH, are produced with use of a 
binder. Preferred binders (fatty amide binders) and particularly preferred binders (micronized 
synthetic polyolefin-based hydrocarbon wax and/or a micronized synthetic polyfluorocarbon 

35 wax) for such use have been described and referred to above. 

The amount of the packaged biocides of this invention used is a biocidally effective 
amount, e.g., an amount which is at least sufficient to achieve substantial microbiological control, 
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if not complete microbiological control, in the water being treated and/or substantial biofilm 
eradication, if not complete biofilm eradication, from the surfaces in contact with the water 
system being treated. Such dosage level is preferably indicated on the label of the package. 
Typically, the dosages will fall within the range of 0.1 to 4.5 milligrams of "free chlorine" per 
liter of water (which corresponds to 0.2 to 10 milligrams of bromine, as Br 2 , per liter of water). 
Preferably, such dosages are in me range of 0.1 to 2 milUgrams of "free chlorine" per liter of 
water(wbichcorresponaMo0.2to5n^ 

departures fromthese ranges are permissible and are wimm me scope ofmis invention, provided 
mat the departures result in sufficient microbiological control in accordance with the needs of 
me occasion, including applicable governmental regulations. 

The efficacy of the packaged biocidal compositions of this invention m control of 
microbial infestations, was demonstrated in a series of tests was conducted at an independent 
microbiology and virology laboratory. Escherichia coli and Enterococcus faecium were the 
pathogens used in this study. One such series of tests utilized the AOAC Official Method, 
bvolveddeterniinationsofmicrobiological control againstthe£ coKbacteria. The other set of 
tests involved determinations of microbiological control against me Ineachcase, 
comparative tests were carried out in the same manner utilizing N,N<-bromochloro-5,5- 
dimemymydantoin.Briefly,metestmvolvesexposmgacultureo^ 
concentrations of bromine solution prepared from an aqueous stock solution of the compound 
under test At various time intervals the bromine in the test suspensions 1S chemically 
neutralized and the amount of viable bacteria remaining is enumerated by plating onto nutrient 
agar and incubating for 2 days at 37°C. Results are expressed at the log 10 colony forming units 
(CFU) The concentration of the compound required to achieve complete kill no viable 
bacteriaremam)witlun30 S econdsisdetermm^ 

tal Protection Agency to support the product registration as a disinfectant for swiniming pools. 
Such testing is one of the requirements needed for product registration with the EPA which in 
tumenablesffieproducttobepur^ 

product. - - 

Table 4 summarizes the data obtained in the tests using respectively, l,3-dibromo-5,5- 

tomylhydantom(DBDMH)^ 

which the microorganism in each case was E. coli. It can be seen that l,3-dibromo-5,5- 
dimethylhydantoin passes the test at one miffigram of bromine, as Br 2 , per liter of water, as 
evidenced by the complete kill within 30 seconds, whereas l,3-bromochloro-5,5- 
dimethylhydantoin requires two milligrams of bromine, as Br 2 , per liter of water to achieve 
complete kill within 30 seconds. 
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TABLE 4 - EFFECTIVENESS AGAINST R COM 



^OIlLCJLUXallOu 

mg/L as Br 2 


Time 


ix>g l0 trii Recovered 
Using DBDMH 


Log u CFU Recovered 
Using BCDMH 




30 sec 


>4.48 


>4.48 




1 min 


1.70 


4.46 




2 min 


0 


1.65 


3 min 


0 


0 




4 min 


0 


o 




5 min 


0 


0 




10 min 


0 


0 




30 sec 


0 


>4.48 




1 min 


0 


0.7 




2 min 


0 


0 


3 min 


0 


0 




4 min 


0 


0 




5 min 


0 


0 




10 min 


0 


0 




30 sec 


0 


0 




1 min 


0 


0 


2.0 mg/L 


2 min 


0 


0 


3 min 


0 


0 




4 min 


0 


0 




5 min 


0 


0 




10 min 


0 


0 



Table 5 summarizes the data obtained in the tests using respectively l,3-dibromo-5,5- 
dimethylhydantoin (DBDMH) andN,N "-bromocUoro-5 3 5Klimethylhydantoin (BCDMH) and in 
which the microorganism in each case was E faecium. Table 5 shows that l,3-4ibromo-5 5 5- 
dimethylhydantoin passes the test at one milligram of bromine, as Br 2 , per liter of water, as 
evidenced by the complete kill within 30 seconds, whereas N,N'-bromochloro-5,5- 
dimethylhydantoin requires two milligrams of bromine, as Br 2 , per liter of water to achieve 
complete kill within 30 seconds. 
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TABLE 5 - EFFECTIVENESS AGAINST £ FAECWM 



Concentration 

mcr/T , ft^ T^TV 


Contact Time 


Log 10 CFU Recovered 
Using DBDMH 


Logio CP U Kccoverea. 
Using BCDMH 




30 sec 


4.32 


>4.48 




1 min 


2.36 


3.53 




2 min 


0 


2.63 


0.5 mg/L 


3 min 


0 


0 




4 min 


0 


0 




5 min 


0 


0 




10 min 


0 


0 




30 sec 


0 


>4.48 




1 mm 


0 


2.38 


1.0 mg/L 


2 min 


0 


0 


3 min 


0 


0 




4 mjn. 


0 


0 




5 min 


0 


0 




10 min 


0 


0 1 




30 sec 


0 


0 




1 min 


0 


0 


2.0 mg/L 


2 min 


0 


0 


3 min 


0 


0 




4 mm 


0 


0 




5 min 


0 


0 




10 min 


0 


0 



It can be seen that tihis second aspect enables provision of suitably packaged and labeled 
articles containing the biocidal compositions that can be used in accordance with, and which 
provide the various advantages of, the first aspect of this invention, including the subject matter 

10 of A) through X) abo ve. 

References herein to biofilm on a surface in contact with an aqueous medium or water, 
are not to be construed as requiring the aqueous medium or water to be in constant contact with 
such surface. As long as the aqueous medium or water comes into contact with a surface often 
enough to result in the formation of biofilm on such surface, it is within the scope of mis 

15 invenuontotreatsuchaqueousmedi^^ 

biofilm. For example, this invention includes treatment of aqueous media or water that is 
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splashed, sprayed, or dripped on or against a surface with sufficient frequency for biofilm to 
develop on such surface. It is also to be understood that the aqueous medium or the water can 
contain any of a variety of contaminants and/or impurities. The only requirements are that such 
aqueous medium or water periodically or constantly contacts a surface such that the formation 
of biofilm occurs on the surface, and that the contaminants and/or impurities in the aqueous 
medium or water do not prevent the l ? 3-dibromo-5,5-dialkylhydantoin(s) such as 1,3-dibromo- 
5,5-dimethylhydantoin, from eradicating, or at least reducing the amount of, the biofilm on such 
surface. 

As used herein, including the claims, the term "purveying" means carrying out or causing 
to be carried out one or more of the following activities: advertising, marketing, promoting for 
sale, offering for sale, selling, bartering, trading, leasing, merchandising, importing, exporting, 
dealing in commerce with, supplying, distributing, delivering, and any and all other activities of 
similar import. 

As used herein, including the claims, the terms "aqueous medium" and "water" refer to 
and include any liquid in which the predominate liquid component is water. Such aqueous 
medium or water may contain various other materials, whether organic or inorganic, or both, and 
is exemplified by recreational water, industrial cooling water, process water and wastewater. As 
is well known in the art, if the water has a pH of at least about 8, it is not included in the category 
of recreational water, at least at the present time in the United States. 

Compounds referred to by chemical name or formula anywhere in this document, whether 
referred to in the singular or plural, are identified as they exist prior to coming into contact with 
another substance referred to by chemical name or chemical type (e.g., another component or a 
solvent). It matters not what preliminary chemical changes, if any, take place in the resulting 
mixture or solution, as such changes are the natural result of bringing the specified substances 
together under the conditions called for pursuant to this disclosure. Also, even though the claims 
may refer to substances in the present tense (e.g., "comprises" or "is"), the reference is to the 
substance as it exists at the time just before it is first contacted, blended or mixed with one or 
more other substances in accordance with the present disclosure. 

Except as may be expressly otherwise indicated, the article "a" or "an" if and as used 
herein is not intended to limit, and should not be construed as limiting, a claim to a single 
element to which the article refers. Rather, the article "a" or "an" if and as used herein is 
intended to cover one or more such elements, unless the text expressly indicates otherwise. 

It will also be understood that the terms "substantial" and "substantially" denote that 
chemical operations or treatments ordinarily do not involve absolutes. Thus instead of describing 
a variable or a result as an absolute, it is far more realistic to describe the variable or result as 
being in the substantial vicinity of the expressed variable or result For example when describing 
eradication of an organism, it can be more realistic to refer to the substantial eradication of the 
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organism rather than to imply that absolute total eradication occurs, since one skilled in the art 
fully realizes that a substantial kill is a very desirable result, and the possibility always exists that 
even if a small portion of the organism survives the treatment, the overall result is nevertheless 
highly beneficial in most cases. Thus this document should be read with the application of 
reason and common sense. 

As used herein the term "water-soluble" means that the biocidally-active ingredient in 
question has at least sufficient solubility to provide adequate biological control in the water in 
which it is used. The ingredient may still have greater solubility but need not be soluble in all 
proportions in water. 

As used herein the term "sticker" means any label which can be affixed by any method 
to packaging material such that the contents of the sticker can be perceived visually from the 
exterior of the package. 

This invention is susceptible to considerable variation in its practice. Therefore the 
foregoing description is not intended to limit, and should not be construed as limiting, the 
invention to the particular exemplifications presented hereinabove. 
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CLAIMS: 

1. A method of providing microbiological control in an aqueous medium and/or 
eradication or reduction of biofilm on a surface in contact with such aqueous medium, which 
method comprises introducing into the aqueous medium a microbiocidally effective amount of 

5 atleastone l,3-^bromo-5 9 5-dialkyIhydantoinin which one of thealkyl groups in the 5-position 
is a methyl group and in which the other alkyl group in the 5-position has in the range of 1 to 4 
carbon atoms, wherein (i) the molar quantity of said at least one l,3-dibromo-5,5- 
dialkylhydantoin introduced into said aqueous medium is less than the molar quantity of HN 1 - 
bromochloro-5,5-dimethylhydantoin that would be required to effect the same degree of 

10 microbiological control in said medium, (ii) the quantity of said at least one l,3-dibromo-5,5- 
dialkylhy dantoin introduced into said aqueous medium releases an amount of 'free chlorine" that 
is greater than the amount of "free chlorine" that would be released in said medium by an 
equimolar quantity of NJ^T-bromochloro-S^-dimethylhydantoin, and (iii) the amount of "free 
chlorine" released by the quantity of said at least one l,3-dibromo-5,5-dialkylhydantoin 

15 introduced into said medium is greater than the amount of "free chlorine" that could be predicted 
to be released by that quantity of said at least one 1 ,3-dibromo-5,5-dialkylhydantoin on the basis 
of the amount of "free chlorine" that would be released in said medium by an equimolar quantity 
of NjN'-bromochloro-S ,5-dimethy lhydantoiru 

2. Amethod of Claim 1 wherein said at least one l,3-dibromo-5,5-dialkylhydantoin 
20 is l 3 3-dibromo-5-isobutyl-5-methylhydantoin. 

3. A method of Claim 1 wherein said at least one l 3 3-dibromo-5,5-dialkylhydantoin 
is l,3-dibromo-5-n-propyl-5-methylhydantoin. 

4. A method of Claim 1 wherein said at least one 1 ,3-dibromo-5,5Kiialkylhydantoin 
is l,3-dibromo-5-^thyl-5-methylhydantohL 

25 5. A method of Claim 1 wherein said at least one 1 ,3-dibromo-5,5-dialkylhydantoin 

is a mixture of two or more of said l,3-dibromo-5 5 5-dia!kylhydantoins. 

6. A method of Claim 1 wherein said at least one 1 ,3-dibromo-5 5 5-dialkylhydantoin 
is amixtiTO of l,3-(hbromo-5,5-dimethylhydantom 

7. A method of Claim 1 wherein said aqueous medium has apK of at least about 8.0. 
30 8. A method of providing microbiological control in an aqueous medium having a 

pH of at least about 8.0 and/or eradication or reduction of biofilm on a surface in contact with 
such aqueous medium, which method comprises introducing a microbiocidally effective amount 
of l^-dibromo-5,5-dimethylhydantoin into the aqueous medium, wherein (i) the quantity by 
weight of 1 ,3-dibromo-5,5-dimethylhydantoin introduced into the aqueous medium is less than 
35 the quantity by weight of N^-bromocUoro-5,5-dimethylhydantoin that would be required to 
effect the same degree of microbiological control in said medium, (ii) the quantity of 1,3- 
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chbromo-5,5-dimethylhydantoin introduced into the aqueous medium releases an amount of "free 
chlorine" that is greater than the amount of "free chlorine" that would be released in said medium 
by an equimolar quantity of N^-bromochloro-SjS-dimethylhydantoin, and (iii) the amount of 
"free chlorine" released by the quantity of the l^-dibromo-S^-dimethylhydantoin introduced 
5 into said medium is greater than the amount of "free chlorine" that could be predicted to be 
released by that quantity of l,3-dibromo-5 9 5«dimethylhydantoin on the basis, of the amount of 
"free chlorine" that would be released in said medium by an equimolar quantity of N^T- 
bromocMoro-5,5-dimethylhydantoin. 

9. A method of Claim 8 wherein the 1 ,3-dibromo-5,5-dimethylhydantoin being used 
10 has an average particle size of at least about 1 75 microns. 

10. Amethod of Claim 8 wherein the l ? 3-dibromo-5 5 5-dimethylhydantoin being used 
has an average particle size of at least about 200 microns. 

1 1 . Amethod of Claim 8 wherein the 1 ,3-dibromo-5 ,5-dimethylhydantoinbeing used 
has an average particle size of at least about 300 microns. 

15 12. AmethodofClaim8 whereinthe l 5 3-dibromo-5,5-dimethylhydantom being used 

is in the form of a shape-retentive pressure compacted article produced by pressure 
compacting l,3-dibromo-5,5-dimethylhydantoin particulate solids without use of a binder and 
without prior treatment of such solids to enhance their compactibility. 

13. Amethod of Claim 12whereinthe l,3-dibromo-5,5-dimethylhyd^ 

20 solids used in forming said article had, prior to compaction, an average particle size of at least 
about 175 microns. 

14. Amethodof Claim 8 whereinthe l,3-dibromo-5 3 5-dime1hylhydantoinbeingused 
is in the form of a shape-retentive pressure compacted article produced by pressure compacting 
l 5 3-dibromo-5,5-dimethylhydantoin particulate solids with use of a binder. 

25 15. Amethodof Claim 14whereinthe l ? 3-dibromo-5,5-dimetliylhydantoin particulate 

solids used in forming said article had, prior to compaction, an average particle size of at least 
about 175 microns. 

16. Amethodof Claim 8 whereinthe l,3-cUbromo-5,5-dimethylhydantoinbeingused 
is in the form of a compacted product produced using as a binder an amount of a micronized 

30 synthetic polyolefin-based hydrocarbon wax and/or a micronized synthetic polyfluorocarbon wax 
effective to form said compacted product, said wax being compatible with said l,3-dibromo-5,5- 
dimethylhydantoin. 

17. A method of Claim 16 wherein said wax is polyethylene wax having, prior to 
compaction, an average particle size of no greater than about 15 microns, a maximum particle 

35 size of no greater than about 40 microns, and a density in the range of 0.9 to 1 .4 grams per cc at 
25°C. 
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18. A method of Claim 16 wherein said wax is a polyethylene wax that melts at a 
temperature in the range of 109°C to 1 1 1°C. 

19. A method of Claim 1 6 wherein said wax is polypropylene wax having, prior to 
compaction, an average particle size in the range of 5.0 to 7.0 microns, a maximum particle size 
of about 22 microns, and a density in the range of 0.9 to 1.4 grams per cc at 25°C. 

20. A method of Claim 1 6 wherein said wax is a polypropylene wax that melts at a 
temperature in the range of 140°C to 143 °C, that prior to compaction has an average particle size 
in the range of 5.0 to 7.0 microns, and that prior to compaction has a mayi'mnm particle size of 
about 22 microns. 

21. Amethodof Claim 8 wherein the l,3-dibromo-5,5-dimethylhydantoin being used 
is in the form of a compacted product formed from l,3-dibromo-5,5-dimethylhydantoin having 
an average particle size of at least 175 microns, and wherein said compacted product was 
produced using as a binder an amount of a saturated, normally solid, fatty amide effective to form 
said compacted product 

22. A method of Claim 21 wherein the l,3»dibromo-5,5-dimethylhydantoin used in 
forming said compacted product had an average particle size of at least about 200 microns. 

23. A method of Claim 21 wherein the l,3-dibromo-5,5-dimethylhydantoin used in 
forming said compacted product had an average particle size of at least about 300 microns. 

24. A method of effecting microbicidal activity in water, which method comprises 
providing in the water using at least one l,3-dibromo-5,5-dialkylhydantoin microbiocidal agent 
in which one of the alkyl groups in the 5-position is a methyl group and in which the other alkyl 
group in the 5-position has in the range of 1 to 4 carbon atoms, a microbiocidally effective 
amount of "free chlorine" that is greater than could be predicted from the amount of "free 
chlorine" that wouldbe released in said water by an equimolar quantity ofN,N'-bromochloro-5,5- 
dimethylhydantoin, while using a smaller molar quantity of said at least one l,3-dibromo-5,5- 
dialkylhydantoin than the molar quantity ofN^Sf'-bromochloro-S^-dimethylhydantoin that would 
be required to release in said water the same microbiocidally effective amount of "free chlorine." 

25. Amethodof Claim 24 wherein saidat least one l,3-dibromo-5,5-dialkylhydantoin 
is l,3-dibromo-5-isobutyl-5-methylhydantoin. 

26. Amethodof Claim 24 wherein said at least one l,3-dibromo-5,5-diaikylhydantoin 
is l,3-dibromo-5»n-propyl-5-methylhydantoin. 

27. A method of Claim 24 wherein said at least one 1 ,3-dibromo-5,5-dialkylhydantoin 
is 1 ,3 -dibromo-5-ethyl-5-methylhydantoirL 

28. Amethodof Claim 24 wherein said at least one l,3-dibromo-5,5-dialkylhydantoin 
is a mixture of two or more of said 1 ,3-dibromo-5,5-dialkylhydantoins. 

29. . Amethodof Claim 24 wherein said at least one l 3 3-dibromo-5,5-dialkylhydantoin 
is amixture of l,3-dibromo-5,5-dimethylhydantoinand l,3-dibromo-5-ethyl-5-methy!hydantoin. 
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30. A method of Claim 24 wherein said water has a pH of at least about 8.0. 

31. Amemodofeffectingmicrobiociciala^^ 

8 0 which melhod comprises providing in such water using a l,3-dibromo-5,5- 
dimethylhydantoin microbiocidal agent, a microbiocidally effective amount of "free chlorine" 
that is greater than couldbepredirted from Ae amount of^eecUorme" that would be released 

insaidwalerbyanequimolarquanti^^ 

a smaller quantity by weight of l,3-dibromo-5,5-dimethylhydantoin than the quantity by weight 
ofN 5 >T-bromocworo-5,5^ 

same microbiocidally effective amount of "free chlorine." 

32. A method of Claim 31 wherein the l,3-mbromo-5,5-dimethylhydantoin being 
used has an average particle size of at least about 175 microns. 

33. A method of Claim 31 wherein the l,3-mbromo-5 > 5-dimethylhydantom being 
used has an average particle size of at least about 200 microns. 

34. A method of Claim 31 wherein the l,3-dibromo-5 3 5-dimethylhydantoin being 
used has an average particle size of at least about 300 microns. 

35 A method of Claim 31 wherein the l,3-dibromo-5,5-dime%foydantoin bemg 
used is in the form of a shape-retentive pressure compacted article produced by pressure 
compacting 1, 3 -dibromo-5 s 5-dime1hylhydantoin particulate solids with use of a binder. 

36. Amethodof Claim35 whereinthe l^-dibromo-S^-dimethylhydantoinparticulate 
solids used in forming said article had, prior to compaction, an average particle size of at least 

about 175 microns. . 

37 A method of Claim 31 wherein the l,3-dibromo-5,5-dimemywydantom bemg 
usedismtheformofacompactedproductproducedusmgasabmderanamountof^ 
synmeticpolyolefm-basedhydrocarbonwaxand/oramicronizedsyn^ 

effective to form said compacted product, said wax being compatible wimsaidl,3-dibromo-5,5- 
dimethylhydantoin. 

38 A method of Claim 37 wherein said wax is polyethylene wax having, pnor to 
■ compaction, an average particle size of no greater than about 15 microns, a maximum particle 

size of no greater than about 40 microns, and a density in the range of 0.9 to 1 .4 grams per cc at 
25°C 

39. A method of Claim 37 wherein said wax is a polyethylene wax that melts at a 

temperature in the range of 109°C to 1 1 1°C 

40 A method of Claim 37 wherein said wax is polypropylene wax having, pnor to 
compaction, an average particle size in the range of 5 .0 to 7.0 microns, a maximum particle size 
of about 22 micron* and a density in the range of 0.9 to 1.4 grams per cc at 25°C. 

41. A method of Claim 37 wherein said wax is a polypropylene wax that melts at a 
temperature in therangeofl40 o Ctol43°C,that P rior to compactionhas an average particle size 
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in the range of 5.0 to 7.0 microns, and that prior to compaction has a maximum particle size of 
about 22 microns. 

42. A method of Claim 31 wherein the l,3-dibromo-5,5-dimethylhydantoin being 
used is in the form of a compacted product formed from l,3-dibromo-5 5 5-dimethylhydantoin 

5 having an average particle size of at least 175 microns, and wherein said compacted product was 
produced using as a binder an amount of a saturated, normally solid, fatty amide effective to form 
said compacted product 

43. A method of Claim 42 wherein the l,3-dibromo-5,5-dimethylhydantoin used in 
forming said compacted product had an average particle size of at least about 200 microns. 

10 44. A method of Claim 42 wherein the l,3-dibromo-5,5-dimethylhydantoin used in 

forming said compacted product had an average particle size of at least about 300 microns. 

45 . A composition having microbiocidal activity, which composition comprises water 
to which has been added a microbiocidally effective quantity of at least one l,3-dibromo-5,5- 
dialkylhydantoin in which one of the alkyl groups in the 5-position is a methyl group and in 

15 which the other alkyl group in the 5-position has in the range of 1 to 4 carbon atoms, (i) the molar 
quantity of said at least one l,3-dibromo-5,5-dialkylhydantom added being less than the molar 
quantity of N,N , -bromochloro-5,5-dimethylhydantoin required to effect the same degree of 
microbiocidal activity in said water, (ii) the quantity of said at least one l,3-dibromo-5,5- 
dialkylhydantoin added releasing an amount of "free chlorine" that is greater than the amount of 

20 "free chlorine" that would be released in said water by an equimolar quantity of N,1SP- 
bromochloro-5,5-dimethylhydantoin, and (iii) the amount of "free chlorine" released by the 
quantity of said at least one l,3-dibromo-5,5-diaIkylhydantoin added being greater than the 
amount of "free chlorine" that could be predicted to be released by that quantity of said at least 
one l,3-dibromo-5 3 5-dialkylhydantoin on the basis of the amount of "free chlorine" that would 

25 be released in said water by an equimolar quantity of N^-bromochloro-S^-dimethylhydantoin. 

46. A composition of Claim 45 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is l,3-dibromo-5-isobutyl-5-methy!hydantoin. 

47. A composition of Claim 45 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is l,3-dibromo-5-n-propyl-5-methyIhydantoin. 

30 48. A composition of Claim 45 wherein said at least one l,3-dibromo-5,5- 

dialkylhydantoin is l,3-dibromo-5-ethyl-5-methylhydantoin. 

49. A composition of Claim 45 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is a mixture of two or more of said l,3-dibromo-5,5-dialkylhydantoins. 

50. A composition of Claim 45 wherein said at least one l,3-dibromo-5,5- 
35 dialkylhydantoin is amixture of l,3-dibromo-5,5-dimethylhydantoinand l,3-chbromo-5-ethyl-5- 

methylhydantoin. 

51. A composition of Claim 45 wherein said water has a pH of at least about 8.0. 
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52 Acompositionhavmgnncmbiocidda^^ 
^ntainmgamicrobi^^^ 

one l^-dibromo-S.S-dialkylhydantoin in which one of the alkyl groups in the 5-position 11 a 
methyl group and in which the other alkyl group in the 5-position has in the range of 1 to 4 
carbon atoms, (i) the molar quantity of said at least one l,3^bromo-5>dia^lhydantom 
providing said amount of "free chlorine" in the water being less than the molar quantity of N^I - 
bromocUoro-5,5-dimemy%d^^ 

in said water, (ii) the quantity of said at least one l.S-mbromo-S.S-dialkymydantompmvadmg 
said amount of "free chlorine" releasing an amount of "free chlorine" that is greater than the 
amountof'lieecUorme"^^^ 

bromocmoro.5,5-dimethylhydantoin, and (hi) the amount of "free chlorine" released bythe 
quantity of said at least one l,3^ibromo-5,5-dialkylhydantoin providing said amount of 'free 
chlorine-being greater man me amount of"freecMorme" mat could be predicted to be 
bythatquanutyofsaidatlea^ 

of 'free chlorine" that would be released in said water by an equimolar quantity of N,N- 
bromochloro-5,5-dimethylhydantoin. 

53. A composition of Claim 52 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is l,3-dibromo-5-isobutyl-5-methylhydantoin. 

54. A composition of Claim 52 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoinis l,3-dibromo-5-n-propyl-5-methylhydantoin. 

55. A composition of Claim 52 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is l,3-dibromo-5-e1hyl-5-methylhydantoin. 

56 A composition of Claim 52 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is a mixture of two or more of said l.S-dibromo-S.S-dialkylhydantoins. 

57 A composition of Claim 52 wherein said at least one l,3-dibromo-5,5- 
dialkylhydan^ 

methylhydantoin. A 

58 A composition of Claim 52 wherein said water has apH of at least about 8.0. 

59 AcompositionhavmgmiCTobiociM 

to which has been added a microbiocidally effective quantity of IjJDM** 
te mymydan^^^ 

less than the quantity by weight of N,>T-bromoc Uo ro-5,5-dimemyIhydantom^ 
the same degree of microbiocidal activity in said water, (ii) the quantity of 1,3^0-5,5- 
dimethylhydantoin added releasing an amount of "free cMorme" that is greater than the amount 
of "free chlorine" that would be released in said water by an equimolar quanUty of N,N- 
br omocmoro-5,5.dimemylhydantom, and (hi) the amount of "free chlorine'' released by*e 
quantity ofmel,3-dibromo-5,5-dimemymydantomadd^ 
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chlorine" that could he predicted to be released by that quantity of the l,3-dibromo-5,5- 
dimethylhydantoin on the basis of the amount of "free chlorine" that would be released in said 
water by an equimolar quantity of N^-bn>mochloro-5,5-dimethylhydantoin. 

60. A composition of Claim 59 wherein said water has a pH of at least about 8.0. 

61. A compositionhavingmiCTobiocidal activity, which composition comprises water 
containing a microbiocidally effective amount of "free chlorine" provided in the water by 1,3- 
dibromo-5,5-dimethylhydantoin, (i) the quantity by weight of l,3-dibromo-5,5- 
dimethylhydantoin providing said amount of "free chlorine" in the water being less than the 
quantity by weight of N^T-bromochloro-5,5-dimethylhydantoin required to effect the same 
degree of microbiocidal activity in said water, (ii) the quantity of l,3-dibromo-5,5- 
dimethylhydantoin providing said amount of "free chlorine" releasing an amount of "free 
chlorine" that is greater than the amount of "free chlorine" that would be released in said water 
by an equimolar quantity of N^-bromocUoro-S^-dimethylhydantoiii, and (iii) the amount of 
"free chlorine" released by the quantity of l,3-dibromo-5,5-dimethylhydantoin providing said 
amount of "free chlorine" being greater than the amount of "free chlorine 5 ' that could be predicted 
to be released by that quantity of 1 ,3-dibromo-5,5-dimethylhydantoin on the basis of the amount 
of "free chlorine" that would be released in said water by an equimolar quantity of N,1SP- 
bromochloro-5,5-dimethylhydantoin. 

62. A composition of Claim 6 1 wherein said water has a pH of at least about 8.0. 

63. A method for determining a quantity of at least one l,3-dibromo-5,5- 
dialkylhydantoin in which one of the alkyl groups in the 5-position is a methyl group and in 
which the other alkyl group in the 5-position has in the range of 1 to 4 carbon atoms, to be used 
in microbiocidal treatment of water, said method comprising (i) dete rminin g the "free chlorine'* 
concentrations of samples of said water containing respectively N^-bromochloro-SjS- 
dimethylhydantoin and said at least one l,3-dibiX)mo-5 5 5-dialkylhydantoin, (ii) determining the 
"total chlorine" values of samples of said water containing respectively N^-bromochloro-5,5- 
dimethylhydantoin and said at least one 1 ,3-dibromo-5,5-dialkylhydantoin, and (iii) determining 
respectively for N^-bromochloro-5,5-dimethylhydantoin and said at least one 1 ,3-dibromo-5,5- 
dialkylhydantoin the relative extent of hydrolysis to species which register as "free chlorine," 
thereby enabling the amount of said at least one 1 ,3-dibromc-5,5'dialfcylhydantoin to be used in 
achieving the target dose of "free chlorine" selected to effect or maintain microbiological control 
in the water being subj ected to treatment. 

64. A method of Claim 63 wherein said at least one l,3-dibromo-5,5-dialkylhydantoin 
is l,3-dibromo-5-isobutyl-5-methylhydantoiiL 

65. A method ofClaim 63 wherein said at least one l,3-dibromo-5,5-dialkylhydantoin 
is l,3-dibromo-5-n-propyl-5-methylhydantoin. 
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66. AmethodofClaim63wheremsaidatleastonel,3-^ 
is 1 ,3-dibromo-5-ethyl-5-memylhydantoin. 

67. A method of Claim 63 wherein said at least one 1 ,3 -dibromo-5,5-dia]Jcymydanloin 
is a mixture of two or more of said l,3-dUbromo-5,5-dialkylhydantoins. 

68. Amethodof Claim63 wherein said at least one l,3-dibromo-5,5-dialkymydantoin 
isanaixtureofl,3^romo-5,5Kiime%^ 

69. A method of Claim 63 wherein said at least one l,3-dibromo-5,5-diaIkylhy dantoin 
is l^-dibromo-5,5-dunethylhydantoin. \ 

70. The method of Claim 63 wherein Hach Method 8021 (copyright 1997) for 
determining "free chlorine" and Hach Method 8167 (copyright 1997) for determining "total 
chlorine" are used for the determinations in connection with a given body of water. 

71. The method of Claim 63 wherein Hach Method 8021 (copyright 1997) for 
determining "free chlorine" and Hach Method 8167 (copyright 1997) for detemuning "total 
chlorine" are used for the determinations in connection with a given body of water. 

72. A method of effecting biocidal activity in water, which method comprises 
providing in such water using at least one l,3-dibromo-5,5-dialkylhydantoin biocidal agent in 
which one of the alkyl groups in the 5-position is a methyl group and in which the other alkyl 
group in the 5-position has in the range of 1 to 4 carbon atoms, an amount of "free chlorine" that 
is greater than could be predicted from the amount of "free chlorine" that would be provided in 
said water by an equimolar amount ofN.N'-bromocMoro-S.S-dimethylhydantom, as determinable 
by comparative testing as follows: 

a) determining the amount of species of said at least one 1 ,3-dibromo-5,5-dialkylhydantoin 
and of N,N , -bromocmoro-5,5-dimemymydantoin which register respectively as "total 
chlorine" using Hach Method 8167 (copyright 1997, by Hach Company); 

b) determining the amount of species of said at least one l,3-dibromo-5,5-dialkylhydantoin 
and of N,N , -hromocMoro-5,5-dimethylhydantoin which register respectively as "free 
chlorine" using Hach Method 8021 (copyright 1997, by Hach Company); and 

c) detenniningrespectively for said at least one l,3-dibromo-5,5-dialkylhydantoinandNJ>^ , - 
bromocMoro-5,5-d^methylhydantoin the relative extent of hydrolysis to species which 
register as "free chlorine." 

73. AmethodofClaim72whereinsaidatleastone l,3-dibromo-5,5-diall^lhydantoin 
is 1,3 -dibromo-5-isobutyl-5-methylhydantoin. 

74. Amethodof Claim 72 wherein said at least one l,3-dibromo-5,5-dialkylhydantoin 
is l,3-dibromo-5-n-propyl-5-metiiylhydantoin. 

75. Amethodof Claim 72 wherein said at least one l,3-dibromo-5,5-dialkylhydantoin 
is l,3-dibromo-5-ethyl-5-methylhydantoin. 
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76. A method of Claim 72 wherein said at least one 1 ,3-dibromo-5 ,5-dialkylhydantoin 
is a mixture of two or more of said 1 ,3-dibromo-5,5-chalkylhydantoins. 

77. A method of Claim 72 wherein said at least one 1 ,3-dibromo-5,5-dialkylhydantoin 
is a mixture of 1 ,3 -dibromo-5 ,5-dimethylhy dantoin and 1 3 3-dibromo-5-ethyl-5-methylhydantoiiL 

78. Amethodof Claim 72 wherein said at least one l,3-dibromo-5,5-dialkylhydantoin 
is 13^dibromo-5 ? 5-dimethylhydantoin. 

79. A method of Claim 72 wherein said water has a pH of at least about 8.0. 

80. As a composition of matter, water in which microbiological and/or biofilm 
activity is minimized if not eliminated by the addition thereto of an amount of "free chlorine" 
produced in the water by at least one l,3-dibromo-5,5-dialkylhydantoin biocidal agent in which 
one of the alkyl groups in the 5-position is a methyl group and in which the other alkyl group in 
the 5-position has in the range of 1 to 4 carbon atoms (DBDAH), wherein the amount of "free 
chlorine" actually present in the water is greater than could be predicted from the amount of "free 
chlorine" that would be provided in such water by an equimolar quantity of N,lSP-bromochloro- 
5,5-dimethylhydantoin (BCDMH), as determinable by comparative testing as follows:. 

a) determining the amount of species of said at least one 1 ,3-dibromo-5,5-dialkylhydantoin 
and of BCDMH which register respectively as "total chlorine" using Hach Method 81 67 
(copyright 1997, by Hach Company); and 

b) determining the amount of species of the DBDAH and of BCDMH which register 
respectively as "free chlorine" using Hach Method 8021 (copyright 1997, by Hach 
Company); and 

c) determining respectively for the DBDAH and BCDMH the relative extent of hydrolysis 
to species which register as "free chlorine." 

81. A composition of Claim 80 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is l,3-dibromo-5-isobutyl-5-methylhydantoin. 

82. A composition of Claim 80 wherein said at least one l,3-dibromo-5,5- 
dialkylhy dantoin is l,3Klibromo-5-n-propyl-5-methylhy dantoin. 

83. A composition of Claim 80 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is l,3-dibromo-5-ethyl-5-methylhydantoin. 

84. A composition of Claim 80 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is a mixture of two or more of said l,3-dibromo-5,5-dialkylhydantoins. 

85. A composition of Claim 80 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is a mixture of 1 ,3-dibromo-5,5-dime1hylhydantoin and 1 ,3 -dibromo-5-ethyl-5- 
methylhydantoin. 

86. A composition of Claim 80 wherein said at least one l,3-dibromd-5,5- 
dialkylhy dantoin is l,3-dibromo-5,5-dimethylhydantoin. 

87. A composition of Claim 80 wherein said water has a pH of at least about 8.0. 
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88. A composition of Claim 87 wherein said at least one l,3-dibromo-5,5- 
' dialkylhydantoinis selected from 1 .S-dibromo-S-isobutyl-S-melhylhydantoin, l,3-dibromo-5-n- 
propyl-5-methylhydantoin, l,3-dibromo-5-ethyl-5-methylhydantoin, l,3-dibromo-5,5- 
dmiethylhydantoin, or a mixture of at least any two of them. 

89. A composition of Claim 87 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is l,3-dibromo-5,5-dimethymydantoin. 

90. An article of manufacture comprising a packaging material and a biocidal 
composition contained within said packaging material, wherein said biocidal composition 
consists esseotiafly of® atteart 

groups in the 5-position is a methyl group and the other alkyl group in the 5-position contains in 
the range of 1 to 4 carbon atoms as the only biocidally-active ingredients) in said composition, 
and (ii) optionally at least one biocidally-inactive ingredient; and wherein said packaging material 
comprises at least a label suitably identifying the name of the product in the package, and at least 
a sticker identifying the contents as being an oxidizing agent 

91. An article of manufacture of Claim 90 wherein said biocidal composition 
contained within said packaging material contains at least one biocidally-inactive ingredient, and 
wherein said label or another label associated with said packaging material indicates hazards 
associated with the handling and use of the packaged composition. 

92. Anarticle of manufacture of Claim91 wherein said at least one biocidaUy-inactive 
ingredient comprises a binder or a manufacturing by-product, or both. 

93. An article of manufacture of Claim 92 wherein said label or another label 
associated with said packaging material indicates that the active ingredient of said biocidal 
composition contained within said packaging material is the one or more of said 1,3-dibromo- 
5,5-dialkylhydantoins actually contained therein. 

94. An article of manufacture of Claim 93 wherein said label or another label 
associated with said packaging material indicates the proportion or percentage oftheoneormore 
l,3-dibromo-5,5-dia]kylhydantoins in the said biocidal composition contained in the packaged 
composition. 

95. An article of manufacture of Claim 94 wherein said label or another label 
associated with said packaging material indicates the proportion or percentage of inactive 
contents in the composition contained within said packaging material. 

96. An article of manufacture of Claim 94 wherein said label or another label 
associated with said packaging material include at least one of the following: 

a) description of environmental hazards associated with discharge of the composition into 
the environment; 

b) description of physical and chemical hazards, and indications of how to avoid or at least 
reduce such hazards in use; 
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c) advice on storage of the product, and on disposal of the product and containers; 

d) advice concerning practical treatment and first aid to be used in the event of contact of 
the composition with eyes or skin, or if the composition is ingested (swallowed) or 
inhaled; 

e) directions for use, including but not limited to dosage rates associated with specified use 
patterns; and 

f) EPA registration number, EPA establishment number, and name and address of the 
registrant 

97. An article of manufacture of Claim 90 wherein said at least one 1 ,3-dibromo-5,5- 
dialkylhydantoin is l,3-dibromo-5-isobutyl-5-metiiylhydantoin, l,3-dibromo-5-n-propyl-5- 
methylhydantoin, or l s 3-dibromo-5-ethyl-5-methylhydantoin, and wherein said biocidal 
composition contained within said packaging material contains at least one biocidaUy-inactive 
ingredient which comprises a binder or a manufacturing by-product, or both. 

98. An article of manufacture of Claim 90 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is a mixture of at least two of said l,3-dibromo-5,5-dialkyIhydantoins, one of 
which is 1 ,3-dibromo-5,5-dimethylhydantoin, and wherein said biocidal composition contained 
within said packaging material contains at least one biocidally-inactive ingredient which 
comprises a binder or a manufacturing by-product, or both. 

99. An article of manufacture of Claim 90 wherein said at least one 1 ,3-dibromo-5,5- 
dialkylhydantoinis a mixture of l,3-dibromo-5,5-dimethyIhydantoinand l,3-dibromo-5-ethyl-5- 
methylhydantoin, and wherein said biocidal composition contained within said packaging 
material contains at least one biocidally-inactive ingredient which comprises a binder or a 
manufacturing by-product, or both. 

100. Anarticle of manufacture of Claim 90 wherein said at least one l,3-dibromo-5,5- 
dialkylhydantoin is 1 ,3 -dibromo-5,5-dimethylhy dantoin, and wherein said biocidal composition 
contained within said packaging material contains at least one biocidally-inactive ingredient 
which comprises a binder or a manufacturing by-product, or both, 

101. An article of manufacture of any of Claims 97, 98, 99, or 1 00 wherein said label 
or another label associated with said packaging material indicates hazards associated with the 
handling and use of the packaged composition. 

1 02. An article of manufacture of any of Claims 97, 98, 99, or 1 00 wherein said label 
or another label associated with said packaging material indicates the proportion or percentage 
of the 1 ,3 -dibromo-5,5-dialkylhydantoin(s) in the biocidal composition contained in the packaged 
composition, and the proportion or percentage of the biocidally-inactive ingredients in the 
composition contained within said packaging material. 

1 03 . An article of manufacture of any of Claims 90, 93, 95, or 96 wherein at least 50 
wt% of said biocidal composition is said at least one l,3-dibromo-5,5-dialkylhydantoin. 
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104. An article of manufacture of any of Claims 90, 93, 95, or 96 wherein at least 90 
wt% of said biocidal composition is said at least one l,3-dibromo-5,5-dialkylhydantoin. 

105. An article of manufacture comprising a packaging material and a biocidal 
composition contained within said packaging material, wherein said biocidal composition 
consists essentially of at least 95 wt% of one or more l,3-dibromo-5,5-dialkylhydantoins in 
which one of the alkyl groups in the 5-position is a methyl group and in which the other alkyl 
group in the 5-position has in the range of 1 to 4 carbon atoms, with the balance, if any, to 100 
wt% being inactive ingredient(s), wherein said packaging material comprises a label that 
indicates that the product can be used as a biocide for wastewater, recirculating cooling water 
systems, once-through cooling water systems, brewery pasteurizers, pulp and paper mill systems, 
air washer systems, air and gas scrubber systems, or decorative fountains, or any two or more of 
these, and wherein said label or another label associated with said packaging material indicates 
that the dosage rate for at least one the foregoing eight uses or use patterns is such as to maintain 
a residual bromine level of 0.5-5 ppm or as needed to maintain biological control. 

106. An article of manufacture of Claim 105 wherein said biocidal composition 
consists essentially of at least 97 wt% of said one or more l,3-dibromo-5,5-dialkylhydantoins, 
wherein said inactive ingredient(s) comprise at least a binder or a manufacturing by-product, or 
both, and wherein said packaging material further comprises a sticker identifying the contents 

as being an oxidizing agent. 

107. An article of manufacture of Claim 105 wherein said one or more 1,3-dibromo- 
5,5-dialkylhydantoins are selected from the group consisting of l,3-dibromo-5-isobutyl-5- 
methylhydantoin, 1 ,3-dibromo-5-n-propyl-5-methyIhydantoin, 1 ,3-dibromo-5-ethyl-5-methyl- 
hydantoin, and rnixtures of any two or all three thereof, wherein said inactive ingredients) 
comprise at least a binder or a manufacturing by-product, or both, and wherein said packaging 
material further comprises a sticker identifying the contents as being an oxidizing agent. 

108. An article of manufacture of Claim 105 wherein said one or more 1,3-dibromo- 
5,5-dialkylhydantoins is l,3-dibromo-5,5-dime1hylhydantion, wherein said inactive ingredients) 
comprise at least a binder or a manufacturing by-product, or both, and wherein said packaging 
material further comprises a sticker identifying the contents as being an oxidizing agent 

109. An article of manufacture comprising a packaging material and a biocidal 
composition contained within said packaging material, wherein said biocidal composition 
consists essentially of at least 95 wt% of one or more l,3-dibromo-5,5-dialkylhydantoins in 
which one of the alkyl groups in the 5-position is a methyl group and in which the other alkyl 
group in the 5-position has in the range of 1 to 4 carbon atoms, with the balance, if any, to 100 
wt% being inactive ingredients), wherein said packaging material comprises a label that 
indicates that the product can be used by manufacturers in formulating biocides for wastewater, 
recirculating cooling water systems, once-through cooling water systems, brewery pasteurizers, 
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recreational water, pulp and paper mill systems, air washer systems, air and gas scrubber systems, 
decorative fountains, or hard surface sanitizers, or any two or more of these, said recreational 
water being one or more of swimming pools, hot tubs, and spas, and wherein said label or another 
label associated with said packaging material indicates that formulators using the product are 
responsible for EPA registration of their formulated products. 

110. An article of manufacture of Claim 109 wherein said biocidal composition 
consists essentially of at least 97 wt% of said one or more l,3-dibromo-5,5-dialkylhydantoins, 
wherein said inactive ingredients) comprise at least a binder or a manufacturing by-product, or 
both, and wherein said packaging material further comprises a sticker identifying the contents 
as being an oxidizing agent 

111. An article of manufacture of Claim 1 09 wherein said one or more 1 ,3-dibromo- 
5,5-dialkylhydantoins are selected from the group consisting of l,3-dibromo-5-isobutyl-5- 
methylhydantoin, l,3-dibromo-5-n-propyl-5-methylhydantoin, 1 ,3-dibromo-5-ethyl-5- 
methylhydantoin, and mixtures of any two or all three thereof, wherein said inactive ingredients) 
comprise at least a binder or a manufacturing by-product, or both, and wherein said packaging 
material further comprises a sticker identifying the contents as being an oxidizing agent 

1 12. An article of manufacture of Claim 109 wherein said one or more 1,3-dibromo- 
5,5-dialkylhydantoins is 1 ,3 -dibromo-5,5-dimethylhydantoin, wherein said inactive ingredients) 
comprise at least a binder or a manufacturing by-product, or both, and wherein said packaging 
material further comprises a sticker identifying the contents as being an oxidizing agent. 

113. An article of manufacture comprising a packaging material and a biocidal 
composition contained within said packaging material, wherein said biocidal composition 
comprises as an active ingredient of the composition at least at least 95 wt% of one or more 1 ,3- 
dibromo-5,5-dialkylhydantoins in which one of the alkyl groups in the 5-position is a methyl 
group and in which the other alkyl group in the 5-position has in the range of 1 to 4 carbon atoms, 
most preferably 1 ,3-dibromo-5,5-dimethylhydantoin, with the balance, if any, to 100 wt% being 
inactive ingredient(s), wherein said packaging material comprises a label that indicates that the 
product can be used as a biocidal agent or disinfectant for use in pools, spas, and/or hot tubs, and 
wherein said label or another label associated with said packaging material indicates that (1) the 
level of active bromine should be maintained between 2-4 ppm in residential spas or hot tubs and. 
3-6 ppm in commercial spas or hot tubs with the pH of the water being adjusted to 7.2-7.6 prior 
to initiating treatment with the biocidal composition; and/or (2) the level of active bromine 
should be maintained between 1-4 ppm in swimming pools with the pH of the water being 
adjusted to 7.2-7.6 prior to initiating treatment with the biocidal composition. 

114. A method of providing a microbiological control agent for use in treating water, 
which method comprises purveying an article of manufacture of any of Claims 90, 93, 95, 96, 
105, 106, 107, 108, 109, 110, 111, 112, or 113. 
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115. An article of manufacture comprising a packaging material and a biocidal 
composition contained within said packaging material, wherein said biocidal composition 
consists essentially of a combination of (a) at least one l,3-dibromo-5,5-dialkymydantoin in 
which one'of the alkyl groups in the 5-position is a methyl group and the other alkyl group in the 
5-position contains in the range of 1 to 4 carbon atoms, and (b) at least one non-fluid biocidally- 
active water treating agent compatible with said at least one 1 ,3-dtoromo-5,5-diallcymydantoin, 
wherein the weight ratio of (a) to (b) is in the range of 0.1:0.4 to 99.9:0.1, and optionally (c) at 
least one biocidally-inactive ingredient, and wherein said packaging material comprises at least 
a label suitably identifying the name of the product in the package, and at least a sticker 
identifying the contents as being an oxidizing agent 

116. An article of manufacture of Claim 115 wherein said weight ratio is in the range 

of 1:1 to 99.9:0.1. 

117. An article of manufacture of Claim 115 wherein said weight ratio is in the range 
of 9:1 to 99.9:0.1. 

118. An article of manufacture of Claim 1 1 5 wherein said weight ratio is in the range 
of 19:1 to 99.9:0.1. 

119. An article of manufacture of Claim 116 wherein said biocidal composition 
contained within said packaging material contains at least one biocidally-inactive ingredient 
which is a binder or a manufacturing by-product, or both, and wherein said label or another label 
associated with said packaging material indicates hazards associated with the handling and use 
of the packaged composition. 

120. An article of manufacture of Claim 119 wherein said label or another label 
associated with said packaging material indicates that the active ingredient of said biocidal 
composition contained within said packaging material are the ingredients of (a) and (b) actually 
contained therein, and wherein saidlabel or another label associated with saidpackaging material 
indicates the proportion or percentage of the ingredients of (a) and (b) actually contained in the 
biocidal composition contained in the packaged composition 

121. An article of manufacture of Claim 119 wherein said label or another label 
associated with said packaging material includes at least one of the following: 

a) description of environmental hazards associated with discharge of the composition into 
the environment; 

b) description of physical and chemical hazards, and indications of howto avoid or at least 
reduce such hazards in use; 

c) advice on storage of the product, and on disposal of the product and containers; . 

d) advice concerning practical treatment and first aid to be used in the event of contact of 
the composition with eyes or skin, or if the composition is ingested (swallowed) or 
inhaled; 
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e) directions for use, including but not limited to dosage rates associated with specified use 
patterns; and 

f) EPA registration number, EPA establishment number, and name and address of the 
registrant. 

5 122. An article of manufacture of Claim 116 wherein (a) is l,3-dibromo-5-isobutyl-5- 

methylhydantoin, 1 3-dibromo-5-n-propyl-5-methy lhydantoin, or l,3-dibromo-5-ethyl-5- 
methylhydantoin, arid wherein said at least one biocidally-inactive ingredient comprises a binder 
or a manufacturing by-product, or both. 

123. An article of manufacture of Claim 116 wherein (a) is a mixture of at least two 
10 of said 1 ,3-dibromo-5,5-dialkylhydantoins, one of whichis l,3-cUbromo-5,5-dimethylhydantoin, 

and wherein said at least one biocidally-inactive ingredient comprises a binder or a manufactur- 
ing by-product, or both. 

124. An article of manufacture of Claim 1 16 wherein saidat least one l,3-dibromo-5,5- 
dialkylhydantoin is a mixture of 1 ,3-dibromo-5 ,5-dimethyIhy dantoin and 1 ,3-dibromo-5-ethyl-5- 

15 methylhydantoin, and wherein said at least one biocidally-inactive ingredient comprises a binder 
or a manufacturing by-product, or both. 

125. An article of manufacture of Claims 1 15, 1 16, 1 17, or 1 18 wherein said at least 
one l,3-dibromo-5,5-dialkylhydantoinis l,3-dibromo-5,5-dimethylhydantoin, and wherein said 
at least one biocidally-inactive ingredient comprises a binder or a manufacturing by-product, or 

20 both. 

126. An article of manufacture of any of Claims 115, 116, 1 17, or 1 18 wherein (b) 
includes (1 ) at least one water-soluble biocidally-active N,N'-dihalo-5,5-dialkylhydantoin other 
than a l,3-dibromo-5,5-dialkylhydantoin, or (2) at least one water-soluble biocidally-active N- 
halo-5,5-dialkylhydantoin, or (3) a mixture of (1) and (2). 

25 127. An article of manufacture of any of Claims 115, 116, 117, or 118 wherein (b) 

includes sodium dichloroisocyanurate, trichloroisocyanuric acid, calcium hypochlorite, or Uthium 
1 hypochlorite, or a mixture of any two or more of the foregoing. 

128. A method of providing a microbiological control agent for use in treating water, 
which method comprises purveying an article of manufacture of any of Claims 115, 117, 119, 

30 120,121, 122, 123 ; or 124, 

1 29. A method of providing a microbiological control agent for use in treating water, 
which method comprises purveying an article of manufacture comprising a packaging material 
and a biocidal composition contained within said packaging material, wherein said biocidal 
composition consists essentially of (a) l,3-dibromo-5,5-dimethylhydantoin; (b) at least one non- 
35 fluidbiocidally-activewatertreating agent compatible with l,3-dibmmo-5,5-dimethylhydantoin, 

wherein the weight ratio of (a) to (b) is in the range of 9:1 to 99.9:0.1; and (c) at least one 
biocidally-inactive ingredient which comprises a binder or 1 a manufacturing by-product, or both, 
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and wherein said packaging material comprises at least a label suitably identifying the name of 
the product in the package, and at least a sticker identifying the contents as being an oxidizing 
agent. 
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